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Omtrent de mondflora en het ontstaan van caries werden aan het eind 
van de vorige eeuw inzichten geformuleerd die tot op heden hun geldigheid 
hebben behouden. 
Miller (1889) toonde aan dat tal van mikro-organismen in de mondholte 
in staat zijn koolhydraten tot zuur te vergisten. Zijn chemo-parasitaire caries-
theorie die hierop was gebaseerd vond algemeen ingang. Black (1898) en 
Williams (1897) richtten de aandacht op de bakteriemassa die voorkomt op 
het landoppervlak. 
Black gebruikte in dit verband het eerst de term plaque. 
Williams gaf aan dat de bakteriemassa een diffusiehindemis vormt waardoor 
lokaal geproduceerd zuur niet onmiddellijk door het speeksel kan worden 
verdund en geneutraliseerd, en dientengevolge inwerkt op de tand. 
Het is opvallend dat in de jaren hiema de interpretatie van Williams 
nauwelijks stimulerend heeft gewerkt op het verloop van het verder onder-
zoek. Pas in de tweede helft van deze eeuw is het onderzoek naar de tand-
plaque goed op gang gekomen. Voor die tijd hield men zich voornamelijk 
bezig met bakteriën uit het speeksel. 
De waarneming dat talrijke soorten mikro-organismen naast elkaar in de 
plaque aanwezig zijn heeft aanleiding gegeven tot de veronderstelling dat wis-
selwerkingen tussen bakteriën van groot belang zijn voor de stofwisseling en 
daarmee het effekt van de tandplaque. Ekologisch onderzoek hiernaar is tot 
op heden nauwelijks verricht. 
De vraag in hoeverre mikrobiële interakties in de tandplaque van invloed 
zijn op de cariogeniteit werd door König en Guggenheim (1965) voor het 
eerst experimenteel benaderd. Zij vonden dat de cariesaktiviteit in ratten die 
waren beent met Strep, mutans sterk afhankelijk was van de samenstelling van 
de rest van de mikroflora wanneer die werd beïnvloed met behulp van een 
antibiotikum. Deze waarneming leidde tot een interessante overweging: er 
vanuitgaande dat de cariogene aanvalskracht van het ene mikro-organisme kan 
worden afgeslagen door een ander is het misschien mogelijk om in de mond 
een niet cariogene mikroflora te vestigen. 
Met dit thema op de achtergrond werd in ons laboratorium het ekosysteem 
van de tandplaque in een reeks experimenten bestudeerd. 
In hoofdstuk II van dit proefschrift wordt de cariogeniteit van Strep. 
mutans in mono-geassocieerde ratten vergeleken met die in ratten die boven-
dien met een SPF mikroflora waren geassocieerd. De wisselwerking van 
Strep, mutans met de SPF-mikroflora leidt tot verlaging van de cariogeniteit. 
Aangezien er te weinig bekend is van de SPF mikroflora kan de aard van 
de wisselwerking onmogelijk worden aangegeven. De waargenomen caries-
reduktie zou bovendien uitsluitend het gevolg kunnen zijn van de "verdun-
ning" van het cariogene mikro-organisme Strep, mutans door de SPF-mikro-
flora. Daarom is het noodzakelijk bij het bestuderen van mikrobiéle inter-
akties in de plaque van een eenvoudiger model uit te gaan. Voor dit doel komt 
het gnotobiotisch diermodel in aanmerking. 
Bij de vorming van de tandplaque spelen extracellulaire bakteriè'le poly-
meren een belangrijke rol (zie b.v. het overzichtsartikel van Guggenheim 
1971). In dit verband werd veel onderzoek verricht naar de synthese van 
extraceUulaire polysaccharide door Strep, mutans en Strep, sanguis, beide 
mikro-organismen, die een voorkeur vertonen voor groei op het tandopper-
vlak. Deze Streptokokken zijn in staat saccharose om te zetten tot polysaccha-
ride. Hierbij zijn twee types saccharose-specifieke enzymen betrokken, de 
glukosyl - en de fruktosyl transferases, die respektievelijk glukanen (dextraan 
en mutaan) en fruktanen (levaan) maken. Vanwege deze omzetting krijgt 
saccharose een bijzondere plaats in de reeks van koolhydraten die voorkomen 
in de menselijke voeding. 
In hoofdstuk III wordt de vraag gesteld in hoeverre de rol van saccharose 
uniek is. d.w.z. of polysaccharide synthese in de plaque volstrekt afhankelijk 
is van de aanwezigheid van saccharose. Men kan zich voorstellen dat ook in 
afwezigheid van saccharose bepaalde mikro-organismen in staat zijn extra-
cellulair polysaccharide te synthetiseren en op die manier de plaquevorming te 
bevorderen. De beantwoording van deze vraag heeft ook praktische betekenis 
omdat ze te maken heeft met het sukses dat men kan verwachten van de 
vervanging van saccharose door een ander zoetsmakend koolhydraat in de 
voeding. Het blijkt dat het verstrekken van een glukoserijk dieet aan ratten 
leidt tot een sterke vermeerdering van een slijm producerend mikro-organis-
me, Actynomyces viscosus in de plaque, terwijl een saccharose dieet de groei 
van extracellulair polysaccharide producerende Streptokokken bevordert. Dit 
resultaat bevestigt de betekenis van de voeding voor de mikrobiële samenstel-
ling van de tandplaque. 
Het extracellulair slijm van A. viscosus dat uit een bouillon kuituur 
wordt verkregen door neerslaan met alkohol, is samengesteld uit een aantal 
SPF = specific pathogen free 
komponenten die duidelijk verschillen in chemische samenstelling. De belang-
rijkste komponent bestaat in hoofdzaak uit glukosamine, waarschijnlijk in de 
geacetyleerde vorm. Het aantonen van het extracellulair materiaal van A. 
viscosus in de tandplaque zal moeilijk zijn omdat tal van andere komponen-
ten, zoals speekseleiwitten en bakteriële celwanden, ook glukosamine bevat-
ten. 
De sterke plaquevorming door A. viscosus (hoofdstuk IV) suggereert 
echter dat het extracellulair slijm een rol speelt bij dit proces. Ondanks het 
plaquevormende vermogen is de cariogeniteit van A. viscosus heel laag. Dit 
illustreert dat veel plaque niet noodzakelijkerwijs tot hoge cariesaktiviteit 
leidt. 
Een opvallend resultaat levert de bestudering van de interaktie van A. 
viscosus met de SPF mikroflora. Terwijl beide komponenten afzonderlijk wei-
nig cariogeen zijn, leidt hun gezamenlijke aktie tot een hoge cariogeniteit. De 
verklaring zou kunnen zijn dat de dikke plaque die wordt gevormd door A. 
viscosus onderdak biedt aan mikro-organismen die wel veel zuur produceren 
maar niet in staat zijn zich in voldoende mate op het tandoppervlak te hand-
haven. 
Deze hypothese wordt verder uitgewerkt met behulp van het gnotobio-
tisch diermodel (hoofdstuk V). Het blijkt dat de samenwerking van de plaque-
vormer A. viscosus met de zuurvormer Strep, sanguis bij ratten zowel op een 
saccharose als op een glukose dieet, leidt tot minder caries dan wordt veroor-
zaakt door Strep, sanguis alleen. In hoeverre dit wijst op de onjuistheid van de 
hypothese is moeilijk uit te maken omdat daarnaast tal van andere wisselwer-
kingen denkbaar zijn tussen beide mikro-organismen. 
De bestudering van de interaktie van A. viscosus met Strep, mutans leidt 
tot eenzelfde konklusie. Het blijkt dat Strep, mutans C67-1 de vestiging van 
A. viscosus in de plaque verhindert, waarschijnlijk door de produktie van een 
antibakteriële stof. Vanwege zijn instabiliteit kan het chemisch karakter van 
de antibakteriële komponent niet worden vastgesteld. Het resultaat vestigt 
echter de aandacht op de mogelijkheid dat antibakteriële stoffen een rol 
spelen in het ekosysteem van de tandplaque. 
Behalve A. viscosus zijn nog andere slijmvormende mikro-organismen 
behorende tot de geslachten Rothia, Neisseria en Bacterionema, uit de tand-
plaque geïsoleerd (hoofdstuk VI). Ook deze mikro-organismen bevorderen de 
plaquevorming bij ratten. Bij dezelfde ratten is bovendien gelet op tandvlees-
ontsteking. De mate waarin tandvleesontsteking wordt waargenomen hangt 
samen met de hoeveelheid plaque, een relatie die ook door Theilade c.s. 
(1966) in klinische experimenten werd vastgesteld. Het is opmerkelijk dat dit 
zo ongeveer het enige vaststaande gegeven is bij de verklaring van het ontstaan 
van tandvleesontstekingen. 
Omtrent de aard van de mikrobiële produkten en hun werking op het tand-
vlees is verder nauwelijks iets bekend. 
Hoofdstuk VII beschrijft de eigenschappen van het enzym fruktosyl-
transferase (levaansaccharase) dat wordt gemaakt door A. viscosus. Dit enzym 
zet saccharose om tot fruktaan. 
Het enzym van A. viscosus wordt vergeleken met de fruktosyltransferase van 
andere bakteriën. 
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Abstract. A comparative study of caries activity is Key Words 
described on Osborne-Mefldel rats reared germ-free and Caries, rats 
mono-associated with Strep, mutans OMZ 176 or E 49, Experimental caries 
or associated with one of these strains at the same time Gnotobiosis 
as the animals were conventionalized with an SPF mi- Plaque matrix 
croflora. The influence of the plaque matrix was stud- Streptococcus mutans 
ied with the aid of soft wood getting impacted in the 
fissures. Conventionalization with faeces from SPF rats resulted in a markedly 
lower caries activity compared with mono-infection. The presence of wood shav-
ings in the diet and subsequent impaction in fissures did not result in increased 
caries activity when the flora consisted exclusively of microorganisms which 
formed sticky matrix polysaccharides. 
After two decades of gnotobiotic research in the field of dental caries 
there are still some gaps in the knowledge necessary to explain the dif-
ferences in response of conventional rats and animals harbouring a con-
trolled microflora. 
The interaction of a known strain of Strep, mutans with the conven-
tional and antibiotic-depressed oral flora ('relative gnotobiosis') in rats 
has been investigated by KÖNIG et al. [1965]. Depression of the indi-
genous flora with erythromycin resulted in a marked decrease in the 
number of fissure lesions and an increase in lingual smooth surface le-
sions. However, no comparison has been made with respect to the cari-
ogenic activity of streptococci between mono-associated rats and rats 
with a conventional microflora, both groups starting from the germ-free 
state. In order to study the influence of the indigenous flora on the cari-
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ogenic activity of Strep, mutans, half of the rats of germ-free litters were 
mono-associated with Strep, mutans and the other half conventionalized 
with a mixture of Strep, mutans and the faecal flora of SPF rats. 
Formation of extracellular polysaccharide by streptococci has been 
suggested to promote canes not only on smooth surfaces but also in fis-
sures of rat molars [KONIG et al., 1965]. However, the role of polysac-
charide as a matrix for canogemc microorganisms in fissures can also 
be fulfilled by impactions of spongy material like wood which increased 
the number of fissure lesions in rats when added to a high sucrose diet 
[KÖNIG, 1965]. It was suggested that fissures impacted with wood ei-
ther retam more substrate, or harbour more acidogenic organisms, or 
are less accessible to the flow of neutralizing saliva and, therefore, more 
likely to develop caries. In the present study the interaction of wood im-
paction with the oral flora was investigated by comparing the caries ac-
tivity of Strep mutans m mono-associated and conventionalized rats in 
screen bottom cages and in cages with wood shavings. The experimental 
design offered an opportunity to compare the caries activity of rats in-
side and outside of isolators 
Materials and Methods 
Animals and Treatments 
Three litters of germ-free Osborne Mendel rats were transferred 12 days after 
birth to screen bottom cages without bedding in order to maintain the persistence 
of empty fissures The animals were fed y-irradiated (2 5 Mrad) diet 2000 f until 
weaning. This diet was a modification of the diet 2000 [KEYES and JORDAN, 1964] 
in which the 560/ο sucrose component was replaced by wheat flour 
At the weaning age of 26 days, three blocks of 8 litter-mates were formed, 
ear-marked and distributed at random among the cages in the two isolators Two 
cages in each isolator had screen bottoms without bedding, the other two had a 
stainless steel bottom with wood shavings From each isolator, two cages (one 
with and one without wood shavings) were removed to be conventionalized The 
rats remaining in the isolators were mono-associated with Strep mutans OMZ 176 
and with Strep mutans E 49, respectively. The inoculum was applied by one single 
swabbing with a cotton stick The rats to be conventionalized were treated in the 
same way with a mixed inoculum of the respective test strain and in addition, 
faeces of SPF-Osborne-Mendel rats. During the 35-day experimental period the 
rats received y-irradiated (2 5 Mrad) diet 2000 V [FITZGERALD, 1968] Food and 
water were available ad libitum The arrangement of the treatments is shown in 
table I. 
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Table I. Arrangement of treatments 
1 2 3 4 5 6 7 8 
Number of rats 3 3 3 3 3 3 3 3 
Bedding1 - + - + - + - + 
Strain inoculated 
OMZ176 + + - - + + - -
E 49 - - + + - - + + 
Conventional (SPF) flora2 - - - - + + + + 
1
 Bedding + : supplying wood shavings as bedding and in the diet. 
2
 Conventionalized: inoculated with suspension of faeces from SPF-rats. 
Microorganisms 
Suspensions for the inoculation with Strep, mutans strain O M Z 176 [GUGGEN­
HEIM, 1968J and strain E 49 [FITZGERALD, 1968; BRATTHAIX, 1970] were prepared 
from 15-hour cultures in brain heart infusion (Difco) containing 20/ο glucose. 
100 ml were centrifuged and the cells were suspended in 5 ml saline. The inocu­
lum used for conventionalization was prepared just prior to the inoculation by 
homogenizing 1 g of fresh faeces of SPF-OM rats in 5 ml saline and mixing this 
with an equal volume of a suspension of the test strain. 
Methods of Evaluation 
After 3 and 10 days and at the end of the experiment mouth swabs and faeces 
from all treatments were examined. The presence of the inoculated strain and pos­
sible contaminations of the mono-contaminated isolators was checked by the fol­
lowing method. The tip of the mouth swab was transferred to a 5-ml screw-cap 
bottle containing a transport medium [DE STOPPELAAR et al., 1969]. This sample 
was shaken on a Vortex mixer and suitable dilutions of this suspension in saline 
were spread on blood agar, sucrose agar [DE STOPPELAAR et al., 1967] and Mitis 
Salivarius agar (Difco). The plates were incubated anaerobically in an atmosphere 
of ЭО о N 2 and lOo/o C 0 2 for 4 days at 37
 0 C . 
After sacrifice, the jaws were removed and fixed in lOVo buffered formaline. 
Smooth surface caries was scored according to KEYES' method [1958]. The lower 
jaws were serially sectioned, stained and put on slides according to techniques de­
scribed previously [KÖNIG et al, 1958; KÖNIG, 1966; GREEN and HARTLES, 1967]. 
On the coded slides, the number of carious lesions in 16 fissures and the proximal 
areas of the right and left mandibular molars were counted under incident light at 
16-times magnification. After decoding and tabulation, the data were subjected to 
analyses of variance. 
Results 
Microorganisms 
Three and 10 days after inoculation, and at the end of the experi-
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Table IL Weights of rats at the end of the experiment. Average and standard deviation 
for the separate factors sex, wood impaction and conventionalization 
S 
? 
Without wood particles 
(9 N=4; ¿ N = 8) 
Wood particles 
(9 N = 4; J N = 8) 
Mono-associated 
(9 N=4; ¿ N = 8 ) 
Conventionalized 

























ment, the inoculated test strains could be recovered from rats on all 
treatments. In the mono-associated rats no contamination was found. 
Weight Gains 
Growth of the animals was normal on all treatments as judged by 
terminal average weight (table II). There was a normal sex difference in 
average weights. 
Caries Incidence 
The average numbers of carious fissures, carious smooth surface 
units and proximal lesions found at the end of the experimental period 
are presented in table Ilia and b. Strain E 49 induced a significantly 
higher caries activity than strain OMZ 176 in fissures and smooth sur-
faces (table IV, comparison Q, P r<0.01 and P r<0.05, respectively). 
The difference in caries activity was consistent for the three types 
of carious lesions (table Ilia). The conventionalization with faeces from 
SPF-rats resulted in a markedly lower caries activity compared to mono-
association. This is shown by the mean values for fissure lesions, smooth 
surface lesions and proximal ones (table Ilia, b) and by the analysis of 
variance (table IV, C2, PF<0.001). The lower caries activity in the con-
ventional state was observed in both groups of rats inoculated with OMZ 
176 and E 49 (table IV, C8). 
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Table Ilia Canes scores resulting from grouping the rats so as to reveal the mean in­
fluences of the 6 different experimental factors 
В E Prox 
Strain OMZ 176 
Strain E 49 
Wood particles 





















Average numbers per rat of all dentinal lesions (B), of buccal carious smooth surface 
areas (E) and proximal lesions (Prox), 12 rats per group 
Table ¡lib Fissure caries scores (B in table Ilia) resulting from subdivision of the rats 


















Average numbers per rat of all dentinal lesions, Β. N = 3 rats per group 
The presence of wood shavings resulted only in small and insignifi­
cant increases in fissure lesions (table Illb) and an insignificant decrease 
in the number of smooth surface lesions (table Ilia, IV, C4). In table 
IV, С
Б
 shows that the wood impaction did not play a major role in both 
mono-associated and conventionalized rats. 
Discussion 
One objective of the present investigation was to determine a possi­
ble effect of impaction of a sort of matrix in the development of caries 
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Table IV. Analysis of variance of dentinal fissure lesions (B) and of buccal smooth surface 
lesions encountered in the 8 groups of 3 rats 
Treatments 
Ci strain OMZ176 vs. E49 
Сг mono-associated vs. 
conventionalized 
Сэ interaction Ci χ Ca 
C4 wood vs. no wood 
















































d.f. = Degrees of freedom; SS = sum of squares; MS = mean square. 
1
 P P < 0 . 0 5 . 
2
 P F < 0 . 0 1 . 
3
 P F < 0 . 0 0 1 . 
in gnotobiotic rats. The impaction of wood particles from the diet and 
the bedding was found not to be an important variable in causation of 
fissure and approximal caries under the conditions of the present experi­
ment. This seems not to be in accordance with the previous observation 
of KÖNIG [1965], that fissures impacted with wood developed more 
caries. However, in the present experiment the rats had been infected 
with strains of Strep, mutans which are known to form sticky extracellu-
lar polysaccharide. In the presence of a flora with a preponderance of 
microorganisms which cannot produce an own matrix as easily as Strep. 
mutans, the presence of an artificial matrix as in the previous experi-
ment [KÖNIG, 1965] may be assumed to be more essential in the devel-
opment of carious lesions than when polysaccharide formers are prepon-
derant or the only microorganisms present. The trend towands higher 
caries rates on wood when OMZ 176 and E 49 were in competition with 
the SPF flora confirms this hypothesis. 
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In general, a significantly lower canes incidence was found in the 
conventionalized rats which harboured Strep mutans among other or­
ganisms, than in rats which were mono-associated with Stiep mutans In 
a previous experiment the canogemcity of the conventional SPF flora 
used in this laboratory was found to be very low [unpublished results] 
Therefore, the results obtained in the present experiment may be inter­
preted as a reflection of the decreased proportion of Strep mutans in 
the plaque of the conventionalized animals 
It is not possible to draw further conclusions on the nature of the in­
teraction of Strep mutans with the complex conventional flora on the 
basis of caries activity only The interactions of bacteria in plaque need 
to be studied in future experiments on gnotobiotic rats and in vitro, us­
ing a limited number of strains in carefully selected combinations 
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lated from these plaques was a filamentous Polysaccharide, extracellular 
form identified as Actinomyces viscosus A Rat caries 
viscosus, growing in dialyzed actinomyces 
broth (BBL) containing excess of glucose, produced a viscous culture from which 
extracellular slime was isolated by precipitation with ethanol 
Fractionation of the extracellular slime on DEAE-Sephadex revealed the pres-
ence of two major components, one of which contained mainly glucose, while the 
other was more complex and contained glucosamine, hexose and protein 
Antibodies could be produced against extracellular antigens which were found to 
be present in the slime but only accounted for a minor portion of the material 
The influence of environmental factors on the microbial composition 
of dental plaque is clearly illustrated by the role of dietary sucrose. 
Frequent consumption of sucrose favours the establishment of strepto-
cocci synthesizing extracellular glucan in plaque [CARLSSON, 1967; DE 
STOPPELAAR, 1970]. The presence of glucan as a constituent of plaque 
matrix has been demonstrated by biochemical analyses and electronmi-
croscopic investigations. Glucan synthesis is believed to play an impor-
tant role in the accumulation of plaque. The ability to elaborate capsular 
material or extracellular slime in the absence of sucrose is fairly wide-
spread among plaque microorganisms: M. mucilagmosus [BOWDEN, 1969; 
KOCUR et al, 1971], lactobacilli [HAMMOND, 1967], rothia [RITZ, 1963], 
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neisseria [PARKER and CREAMER, 1971] and streptococci [GUG­
GENHEIM, 1970b]. However, it is not known which conditions favour 
the growth of these particular species in plaque and whether the produc­
tion of the extracellular polymers is essential in plaque formation. The 
aim of the present investigation was to follow the microbial composition 
of plaque especially in relation to slime-producing microorganisms, when 
sucrose was completely absent in the diet and was replaced by glucose. It 
was expected that particular types of microorganisms synthesizing sub­
stantial amounts of extracellular material of high molecular weight from 
glucose would appear. These experiments were carried out in the rat and 
it was observed that Actinomyces viscosas accumulated in the plaque of 
glucose-fed animals. A. viscosus was originally isolated from hamsters 
and its metabolism has been studied by HOWELL and JORDAN [1963]. Fur­
ther investigations on the metabolic capabilities of one of the strains es­
tablishing spontaneously on a glucose diet are described here. 
Materials and Methods 
Enrichment and Isolation of Microorganisms 
Two dietary groups of 16 young conventional Osborne-Mendel rats were formed 
using two animals from each of 8 hlters. The animals of each group were distribut­
ed at random among 8 cages, and fed on a glucose or a sucrose diet (560/o glucose, 
or sucrose, 2 8 % skim milk; 8% wheat flour, 70/ο yeast extract, ΙΎο NaCl), and tap 
water ad libitum From each group, two animals from the same cage were sacrificed 
by decapitation at 2-week intervals. The plaque was removed from the smooth sur­
faces of the upper molars and placed into transport medium [ D E STOPPELAAR, 1969] 
The plaque was homogenised by ultra-somcation (Branson somfier provided with 
microtip) 3 times for 10 sec, with 30 W output, and 10-fold serial dilutions were 
spread on blood agar, brain-heart-glucose (l0/o) agar and trypticase-yeast extract 
(T-Y) sucrose agar [ D E STOPPELAAR et al, 1967]. The agar media were incubated 
both aerobically, and anaerobically in an atmosphere of 900/o N 2 , 10% C 0 2 , for 5 
days at 37 0 C Colonies were inspected under a dissecting microscope and each mor­
phological type was examined in wet-indian ink preparations for the presence of ex­
tracellular polymer. Positive samples were subcultured for further investigation 
Identification of Microorganisms 
Biochemical tests. Tests for catalase, indole, nitrate reduction, methyl red reac­
tion, acetoin, starch hydrolysis and gelatin hydrolysis were performed according to 
the procedures recommended by the 'Subgroup on Taxonomy of the M'croaerophil-
ic actinomycetes'. Carbohydrate fermentation tests were done in a basal medium, 
supplemented with 1% carbohydrate Incubation was for 14 days in an atmosphere 
of 90% N 2 and 10% C 0 2 . 
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Cell wall composition and serology of one of the isolated strains, A viscosus 
strain Nyl , were studied by Mr G H BOWDEN [(The London Hospital Medical 
College) Preparation and analyses of cell walls have been described elsewhere 
[BOWDEN and HARDIE, 1973] Trypsin-treated cell walls and an acid extract of cells 
of N y l were provided by G H BOWDEN 
Chemical Analyses 
Carbohydrate was determined with the phenol-sulfunc acid method [DUBOIS et 
al, 1956] Protein was measured according to LOWRY et al [1951] Aminosugars 
were assayed according to CESSI and PILIEGO [1960] Glucose was determined with 
glucose oxidase-peroxidase and odianisidme Fructose was measured by the sulfuric 
acid-cysteine reaction of DISCHE [1962] 
Glycerol was assayed with glycerokinase after hydrolysis for I h in 3 N HCl at 
100 0 C , and pyruvate with lactate dehydrogenase after hydrolysis for 1 h in 1 N HCl 
at 100 0 C Uronic acids were estimated with the carbazole method [DISCHE, 1947] 
Phosphate was determined according to CHEN et al [1956] Sulfate was determined 
turbidimetncally as BaSOj [BERGLUND and SORBO, 1960] DNA and RNA were as­
sayed with the method of SCHNEIDER [1946] Lactic acid was determined with 
(D-f-l)-Jactate dehydrogenase (Boehnnger) 
Hydrolysis conditions The optimal times of hydrolysis for the release of glucose 
and hexosamine were determined for crude slime and these values were used for all 
other samples Hydrolysis for 2 h in 1 Ν HCl at 100 " С in evacuated tubes gave opti­
mal results for hexosamine The highest yield of glucose was obtained after hydro­
lysis for 2 h in 2 N H2SO4 HCl hydrolyzates were dried in a vacuum desiccator 
over NaOH and the H 2 S 0 4 hydrolyzate was diluted to 0 4 N and subsequently ap­
plied to a column of Dowex 1 (H+) and separated in a neutral sugar and an amino-
sugar fraction, as described by SPIRO [1966] 
Paper chromatography Paper chromatography of neutral and aminosugar frac­
tions was performed on Whatman 1 MM paper using butanol/pyndine/water, 6 4 3 
[JEANES et al, 1951] Reducing sugars were detected with aniline phthalate and ami­
nosugars with ninhydnn 
Gas chromatography Neutral sugars were identified as trimethyl-si-
lyl-denvatives To water-free hydrolyzate 1 ml Tn-Sil (Pierce Chemical Company) 
was added and the mixture was then heated for 1 h at 80 0 C in a screw-cap vial 
Pyridine was removed in a rotating evaporator at 30 0 C and replaced by benzene 
Gas chromatography was performed under the conditions described by GUGGEN­
HEIM [1970a] Saturated fatly acids C2-C5 were assayed semi quantitatively by 
gas chromatography The millipore filtered fermentation broth was made 100/o w/v 
formic acid and then injected onto the column of a Perkin Elmer F,, Chromato­
graph A glass column ( 3 m m X 1 5 m ) packed with Porapak Q S (Waters Ass, 
Cheshire) was used [HENKEL, 1971] Samples of 1 //1 were chromatographed iso-
thermically at 160 or 190 0 C > other conditions were carrier gas nitrogen, 25 ml/mm 
flame ionisation detector 230 0 C and injection port 210 0 C Ethanol could also be 
assayed with this method 
The acetate content of extracellular slime was gas-chromatographically deter­
mined in samples which were hydrolyzed in 1 N HCl at 100 0 C for 1 h 
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lon-exclwnge chromatography. Aminosugars and muramic acid were identified 
and assayed using an amino acid auloanalyzer. 
Serological Methods 
Rabbits were intravenously immunized 4 times at 3-week intervals. One week af­
ter the last injection, a test bleed was made. The first dose was 0.2 ml of a 1-percent 
solution of extracellular slime in O.S50h saline and the following doses were 0.5 ml 
of the same solution each. The cells used for immunization were grown in dialyzed 
actinomyces broth in screw cap vials. The cells were centrifuged and washed twice 
with 0.85% saline and suspended in saline. 
Serological activities were tested by the double diffusion (Ouchterlony). 
Growth of A. viscosus Nyl and Production of Extracellular Slime 
Strain Nyl was grown in batch (48 h, stationary culture) or continuous culture 
in a 500-mI fermentor, at a dilution rate of 0.1 in each of the following media: di­
alyzed actinomyces broth (BBL) containing 25 or 175 т м glucose; dialyzed brain-
heart infusion (Difco) broth containing 200 т м glucose; casitone 0.20/o (w/v) medium 
containing 5 or 50 т м glucose and casitone 1.20/o (w/v) containing 180 т м glucose. 
The casitone media were prepared from a basis medium as described by CARLSSON 
[1970, table VI] supplemented with casitone (Difco) and glucose as indicated above. 
All cultures were incubated at 37 °C in an atmosphere of 9(У>/о N2/100/o C0 2 , 
and pH was kept constant at 7.0. Balanced growth in continuous culture was main­
tained as judged from the fact that viable cell counts and A550 nm determined at 
regular intervals remained constant for at least two generations. Five-millilitre sam­
ples were taken for determination of the products of anaerobic fermentation of glu­
cose. The production of slime was followed by measurement of the viscosity of the 
culture supernatant fluid (centrifugation 30min, 30,000 g) in an Ostwald viscosime-
ter. The amount of crude polymer in each culture was determined by the addition 
of 2 volumes of absolute ethanol to the culture supernatant. The precipitate was 
collected by filtration on a Büchner filter, extensively washed with 700/o ethanol and 
finally with absolute ethanol, and then dried under vacuum. 
Isolation of Crude Extracellular Slime 
When grown in dialyzed actinomyces broth containing glucose (175 тм/ті), 
strain Nyl produced a very viscous culture from which cells could be centrifuged 
only with difficulty. Slime was precipitated from the centrifuged (30 min at 
30,000 g) culture by the addition of 2 volumes of ethanol with stirring. No further 
precipitation of non-dialyzable material occurred on further addition of ethanol to 
the culture supernatant fluid. Any extracellular material adhering to cells was dis­
carded and stored for later investigation. The precipitate was collected by filtration 
or centrifugation, and dispersed in saline by ultrasonic dispersion. Non-sediment 
cells and some protein were removed from solution by adjustment of 
the pH to 3 with 4 N sulfuric acid. The precipitate was removed by centrifugation. 
Polymers were then reprecipitated with ethanol and solubilized again; this step was 
repeated once. The polymer solution was then dialyzed against distilled water and 
freeze-dried. All separation steps were carried out at 4 0 C. 
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Fractionation of Extracellular Slime 
Samples (250 mg) of the lyophilized slime were fractionated by ion-exchange 
chromatography on DEAE-Sephardex A-50 The column (2 5X40 cm) was eluted 
with a gradient from 0 to 1 M NaCl in 0 05 м tns-HCl, pH 8.0, at a flow rate of 
8 ml/cm2/h. Peaks were pooled as indicated (fig. 1), dialyzed and freeze-dned (frac­
tions 1 and 2) and then subjected to gel chromatography on Sephadex G-100 Sam­
ples were eluted (column 1.6X30 cm) with l0/o NaCI Fractions (5 ml) of the eluates 
were measured for absorbance at 260 nm, and 0.2-ml samples of each second fraction 
were analysed for carbohydrate and aminosugar Chloride concentration in the gra­
dient was measured with a solid-state chloride electrode (Orion). Alternate frac­
tions were tested for serological activity 
In two experiments, all serologically active fractions eluted from DEAE-Sephad-
ex were treated as described above and then, after purification on Sephadex G-100, 
subjected to isoelectric focusing Isoelectric focusing was carried out with the Uni-
phor apparatus (LKB) using l0/o ampholine, pH 3-5 (LKB), in a density gradient of 
0-500/o sucrose or glycerol. A 220-ml column was used and the material was focused 
for 72 h The terminal voltage was 500-550 V and the current was constant at 0.4-
0 5 mA Fractions (5 ml) were eluted from the column and, after determination of 
pH, each fraction was dialyzed against distilled water The carbohydrate, aminosu­
gar content and the absorbance at 260 nm of each fraction were then determined 
and tests for serological activity were carried out 
Results 
Microorganisms Selected by Glucose Feeding 
Heavy plaque development was observed in animals of the glucose 
and the sucrose groups sacrificed after 4 weeks. 
In the sucrose group, considerable numbers (mean 40%, range 
30-65%, expressed as counts on T-Y sucrose agar relative to total counts 
on anaerobic blood agar) of extracellular polysacchande-producing strep­
tococci were consistently found in plaque. Polysaccharide-producing 
streptococci were identified according to their morphological appearance 
on T-Y sucrose agar [DE STOPPELAAR et al., 1967]. 
In the samples of the glucose group, high numbers of one particular 
type of colony were found. The mean percentage of this type of colony 
was 6 0 % (range 35-85%) of total counts on anaerobic blood agar. West-
mdian ink preparations revealed that loose extracellular slime was pro­
duced by this microorganism on blood and glucose agar. The microorgan­
ism, which was found in all animals of the glucose group, was only inci­
dentally observed in the original plaque flora and in the sucrose-fed ani­
mals The extracellular slime-producing microorganism, which was pre­
dominant in the glucose group, was further investigated. 
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Number of positive strains of 6 strains tested 
Positive in fermentation test means pH <5 5 In the absence of added carbohydrate, 
the basal culture medium reaches a pH of 6 5 
Identification of the Slime-Producing Microorganism 
Biochemical characteristics of 6 isolates from different animals are 
given in table I. 
Morphology. The colonial and cellular morphology of the 6 isolates 
were similar to those of the type species of A. viscosus strain ATCC 
15987. In particular, the adhesiveness of aerobically grown colonies to 
the agar medium was typical. One of the isolates, strain Nyl, was selected 
for further studies. 
When Nyl was grown at low growth rate in a casitone medium con­
taining 5 т м glucose, coccoid populations were observed. At higher 
growth rates, the coccoid cells transformed to branching filamentous cells 
with club-like extremities which represented the common morphology in 
all liquid cultures. This result suggested that morphology is related to spe­
cific growth rate. 
Cell wall composition of Nyl. Amino acids1 in cell-wall mucopeptide: 
ornithine, lysine, glycine, glutamic acid, alanine, valine and leucine were 
present. No di-amino pimelic acid was found. Reducing sugars1: rham-
nose, glucose (trace), galactose (trace) and a deoxyhexose almost certain­
ly 6-deoxytalose [HAMMOND et al, 1973] were found. Aminosugars: glu-
1
 Determination of amino acids and reducing sugars in trypsin-treated cell walls 
was performed by G. H BOWDEN 
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Table II. Growth of Actinomyces viscosus and production of extracellular slime 
Medium 
Gasitene 0.2% 






















































All experiments were performed at constant pH 7.0 under an atmosphere of 90% N2/ 
10% CO2. 
//rel = η culture supernatant/// medium; EtOH prec = dry weight (g/1) of material pre­
cipitated by the addition of 2 volumes of ethanol to the culture supernatant fluid. 
1
 In some experiments, values up to 8.0 have been observed. 
cosamine and muramic acid were found to be present in the ratio 1:1. A 
trace of galactosamine might be present. 
Serological findings. The acid extract of Nyl gave a positive precipita­
tion reaction with antisera against ATCC 15987. Lines of identity were 
observed between acid extracts of Nyl and ATCC 15987 with antisera 
against each of both strains. It was concluded that Nyl was a strain of A. 
viscosus serotype 1, which is the rodent serotype [GERENCSER and SLACK, 
1969]. 
Appearance of Extracellular Slime from A. viscosus Nyl 
Some experiments were performed in order to determine the effect of 
the growth medium on the production of extracellular slime. The results 
are summarised in table II. 
In dialyzed actinomyces broth, significantly more slime was produced 
when excess of glucose was present. A relatively low amount of slime was 
produced in brain-heart infusion plus 250 т м glucose and virtually no 
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Table III. Anaerobic fermentation of glucose by A. viscosus Nyl in continuous cultures (D = 0.1, pH 7.0; 
atmosphere 90 % N2/10% CO2) 
Medium 
Casitone0.2% 






















































slime in casitone plus 180 т м glucose in spite of the fact that these latter 
two media supported excellent growth. Since slime was mainly constituted 
of carbohydrates, glucose utilization in some of the media used was also 
considered (table III). 
Glucose utilization was found to be rather similar in both rich media: 
casiton (1.2% casitone, 180 т м glucose) and actinomyces broth plus 
(175 т м glucose). 
Assuming that the fermentation of 1 mol glucose maximally yielded 
2 mol lactate or acetate, it appeared that in actinomyces broth plus 
25 т м glucose, the amounts of lactate and acetate accounted for almost 
all the available glucose, whereas in actinomyces broth plus 175 т м glu­
cose approximately 60% of all utilized glucose was converted to lactate 
and acetate. 
Chemical Composition of Extracellular Slime 
Paper chromatography of hydrochloric and sulphuric acid hydroly-
sates of extracellular slime revealed two predominant sugar components, 
one with the same mobility and colour as glucosamine on ninhydrin-
treated chromatograms and the other with the same characteristics as glu­
cose on aniline hydrogen-phtalate-treated chromatograms. Table IV 
shows the results of several chemical analyses on extracellular slime. A 
discrepancy was observed between the results of the determination of glu­
cose and carbohydrate in extracellular slime in that the glucose accounted 
for only 65% of the carbohydrate, while no other sugars could be de­
tected by paper chromatography. 
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Fig. 1. Fractionation of extracellular slime of Nyl on DEAE-Sephadex A-50. 
Elution with sodium chloride in 0.05 mol Tris-HCl, pH 8.0. Fractions 1, 2, and ser­
ologically active material were obtained as indicated. In all figures: — = A545 nm, 
aminosugar (Cessi). 
The results of paper chromatography were confirmed by identification 
of aminosugars with the amino acid analyzer. Except glucosamine 
(50.2%), only a very small amount of galactosamine (0.8%) and a trace of 
muramic acid were found. Acetyl groups were present in fairly high 
amount and were derived exclusively from N-acetyl bonds since no O-
acetyl was detected with hydroxylamine [HESTRIN, 1949]. A small amount 
of phosphate, 0.2-0.3%, was found in all batches of extracellular slime. 
The following components were found to be absent: fructose, glycerol, 
pyruvate, sulfate, uronic acids, DNA and RNA. 
Fractionation of Extracellular Slime 
The elution pattern of extracellular slime from DEAE-Sephadex A-50 
in a representative experiment is shown in figure 1. 
Material rich in carbohydrate (fraction 1) passed straight through the 
column. A peak containing hexosamine eluted at higher ionic strength 
(fraction 2). Fractions 1 and 2 from DEAE-Sephadex were dialyzed 
against water, freeze-dried and weighed (table IV). Recovery from 
DEAE-Sephadex was approximately 90%. Separate fractions of the gra­
dient were tested for serological activity against unfractionated slime an­
tiserum in double diffusion. Serologically active material was found to 
elute from approximately 0.15 to 0.4 м sodium chloride. 
The serologically active fractions from DEAE-Sephadex accounted 























Fig. 2. Gel chromatography on Sephadex G-100 of fraction 1 (a), fraction 2 (b) 
and serologically active material (c) of extracellular slime obtained from DEAE-Se-
phadex. Fractions were pooled as indicated. 
Fractions 1, 2 and serologically active material from DEAE-Sephadex 
were further purified by gel filtration on Sephadex G-100 (fig. 2a-c). 
Most carbohydrate-containing material of fraction 1 and serologically ac-
tive material appeared in the void volume of the column (fig. 2a, c). In 
eluates from Sephadex G-100, a peak of UV-absorbing material was pre-
sent at fraction 21 (fig. 2a-c). 
The results of isoelectric focusing of serologically active material are 
shown in figure 3. It was observed that serologically active material was 
focused at remarkably low pH. Two pools of serologically fractions were 
constituted in a way that pool a contained the aminosugar peak (fractions 
22-34, Ip approx. 3.6) and pool b contained the remaining active frac-
tions (36-38, Ip approx. 2.5). 
Chemical Composition of Fractions 
The results of several chemical analyses on fractions 1 and 2 are 
shown in table IV. 
Fractions 1 was mainly composed carbohydrate (86.5%). No sugars 
other than glucose were found by gas-chromatographic analysis. A small 
amount of aminosugar was found with the Cessi method but this might be 
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due to some interfering reaction since no aminosugars were found by 
analysis on the amino acid analyzer. 
Fraction 2 contained aminosugar, protein and some carbohydrate. 
Only glucosamine was found to be present in the aminosugar fraction. A 
detailed analysis of the neutral sugar fraction has not been made, but, ex­
cept glucose, other peaks were observed. 
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Extracellular slime was prepared from the culture supernatant by ethanol precipitation Fractions 1 and 2 were obtained by elution from 
DEAE-Sephadex A-50 and subsequent gel filtration on Sephadex G-100 Aminosugar was assayed according to CESSI and PILIEGO [1960] 
and glucosamine, galactosamme were determined with an amino acid autoanalyzer Data in the table represent means of triplicate measure­
ments on two different batches which were generally very close 
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Fig. 3. boelectric focusing of serologically active componentb in extracellular 
slime of Nyl. Material was prepared by ion-exchange chromatography and subse­
quent gel chromatography and focused in a 0- to 50-percent sucrose gradient con­
taining I0/» ampholyte. Pools a and b were constituted as indicated. 
Chemical Composition of IEF Pools 
The results of some analyses on pools a and b are shown in table IV. 
Neutral sugars in pool b accounted for 64%) of the material, and the ratio 
of the neutral sugars found to be present was about glucose/manno-
se/galactose = 2:1:1. 
Serological Results 
It was found that antibodies could be induced against components pre­
sent in extracellular slime of Nyl. Antisera to whole cells or extracellular 
slime were shown to react identically, although the former generally gave 
stronger reactions. All tests recorded were, therefore, carried out with 
whole-cell antisera. A suitable whole-cell serum and also an antiserum 
prepared against cell walls was kindly provided by Prof. GUGGENHEIM 
(Zürich). 
Extracellular slime showed at least 3 lines in double diffusion, 2 of 
which were identical to lines of the acid extract. IEF pool a showed 3 
lines which indicated that the extracellular antigens could not be easily 
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separated by isoelectric focusing. IEF pool b showed a single line. This 
material reacted strongly with cell wall antiserum showing again a single 
line. 
Discussion 
Substrate Effects and Microbial Interactions 
Profound changes in the oral flora and concomitant development of 
massive amounts of plaque followed the administration of high glucose or 
sucrose diets. The strong increase of the number of streptococci synthes­
izing extracellular polysaccharide in the sucrose group underlined the 
well-known favourable effect of sucrose on their establishment and prolif­
eration [KRASSE 1966; KRASSE and CARLSSON, 1970]. The observed pre­
dominance of A. viscosus in the glucose group illustrated the importance 
of the diet as a factor that determines the composition of the microflora in 
the plaque. 
A. viscosus was originally isolated from hamsters kept on a high suc­
rose diet [KEYES et ai, 1963]. In the present experiment, it was observed 
that sucrose favoured the establishment of streptococci rather than of A. 
viscosus. In subsequent tests [Μικχ et al., 1973] however, A. viscosus 
was found to maintain in very high numbers when inoculated in rats on 
sucrose diet, together with Strep, mutans and Strep, sanguis. This might 
indicate that streptococci can prevent the proliferation of low numbers of 
A. viscosus in developing plaque, but not when large numbers of this mi­
croorganism are supplied by inoculation. The high plaque-forming ability 
of A. viscosus [VAN DER HOEVEN et al., 1973] was attributed to the pro­
duction of extracellular slime. The presence of slime in broth cultures of 
A. viscosus was earlier noted by JORDAN and KEYES [1964], but its char­
acteristics have not previously been described. 
Factors Influencing the Synthesis of Extracellular Slime 
The ability to produce extracellular material of high molecular weight 
in glucose broth must be distinguished from sucrose-dependent levan syn­
thesis by A. viscosus [HOWELL and JORDAN, 1967]. The conditions in­
volved in the production of slime are complicated in that excess of glu­
cose and other chemical factors as well as cultural conditions influence 
the output. The fact that the highest yield of slime per litre culture was 
obtained in continuous cultures suggested that the slime was produced 
and released in the logarithmic phase of growth. It was observed that ex-
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cess of glucose markedly stimulated slime production in actinomyces 
broth, but that virtually no slime was produced in casitone medium con­
taining the same amount of glucose. 
The nature of the stimulatory factors is unknown. That yeast extract 
was not responsible, is suggested by the observations in a pilot experi­
ment- addition of ln/o yeast extract to the casitone medium did not stimu­
late slime production, whereas the addition of 25 vol0/o of actinomyces 
broth did. The striking difference which was found for slime production 
on actinomyces broth and casitone is not observed for the other metabolic 
performances studied At an equal growth rate and approximately the 
same density of cells, glucose utilization and amounts of fermentation 
products were found to be rather similar on both media. However, it must 
be noted that not all fermentation products (e.g. formic and succinic ac­
ids) were considered and the possible synthesis of intracellular polysac­
charide was not determined. 
An interesting finding was the low production of lactate by A. viscosus 
in media containing relatively little protein (casitone 0.2% media, table 
III). This characteristic might explain the low canogemcity of the micro­
organism when tested in gnotobiotic rats [VAN DER HOEVEN et al, 1973]. 
The amount of glucose could not account for the high quantity of ace­
tate produced in the glucose-limited (5 т м ) culture (table III), thus it 
must be concluded that acetate was also derived from amino acid break­
down. No attempt will be made to discuss the results of table II with re­
gard to the fermentation balance of A. viscosub as proposed by PINE 
[1970]. 
Chemical Composition of Extracellular Slime 
The extracellular slime contained two major components with distinct­
ly different chemical composition. Fraction 1 consisted predominantly of 
glucose, no other neutral sugars or aminosugars could be detected. This 
material might be related to intracellular polysaccharide and its presence 
might be attributed to leakage because of disrupted permeability barriers. 
In fraction 2, glucosamine protein, some carbohydrate and У -acetyl were 
found. Except glucose, some other sugars not yet identified were present 
in this fraction. The fact that these sugar components were not detected 
by paper chromatography is not surprising, since resolution in the chro­
matographic system used was not found to be optimal, and they were 
present in small amounts. The observation that fraction 2 is slightly 
retarded on DEAE-Sephadex despite the virtual lack of negatively charged 
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groups cannot be easily explained but may result from hydrophobic inter­
actions between the polysaccharide chain and the dextran matrix. The 
molar ratio of glucosamine to /V-acetyl in slime was found to be lower 
than 1. However, it was not tested whether complete hydrolysis of acetate 
was achieved after 1 h in 1 Ν HCl and it might well be that all glucosamine 
is acetylated in the original material. 
The virtual absence of muramic acid in extracellular slime demonstrat­
ed that the preparations were free from cell wall mucopeptide. It was 
found that trypsin-treated cell walls contained glucosamine and muramic 
acid in the ratio of approximately 1:1. 
The finding that extracellular slime gave similar reactions with antisera 
against whole cells or slime suggested that the serologically active com­
ponents in extracellular slime also occurred cell wall-associated and were 
released from cell walls. This was confirmed by the observation that 
identical antigens were demonstrated in acid extract and extracellular 
slime. These results corroborated the findings of BOWDEN and HARDIE 
[1973]. 
The role of extracellular slime of Nyl in the formation of dental 
plaque might be fruitfully studied by means of labelled antibodies, and, 
therefore, it was attempted to prepare a suitable antiserum. However, it 
appeared that the extracellular antigens, against which precipitating anti­
bodies could be produced, accounted for only a minor portion of the 
bulk of the material. 
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Plaque Formation and Dental Caries in Gnotobiotic and SPF 
Osborne-Mendel Rats Associated with Actinomyces viscosas 
J. S. VAN DER HOEVEN, F H. M. Μικχ, К. G. KÖNIG and 
A. J. M. PLASSCHAERT 
Institute of Preventive and Community Dentistry, University of Nijmegen, Nijmegen 
Abstract The slime-producing microorganism A visco- Key Words 
wiv Nyl was tested on its plaque-forming ability and us cano- A viscosus 
genicity in rats fed on glucose or sucrose diets. In mono-as- Caries in rats 
sociated as well as SPF O-M rats, strain Nyl caused consid- Glucose diet 
érable plaque formation on both diets The role of the resi- Plaque formation 
dent microflora on the establishment of strain Nyl was in- Sucrose diet 
vestigated by varying its composition with antibiotics It was 
found that pre-experimental treatment with erythromycin prevented the establish-
ment of strain Nyl in SPF rats In mono-associated rats, strain Nyl caused no 
smooth surface caries and little fissure caries However, in SPF rats, the interaction 
of strain Nyl with the resident microflora resulted in considerable smooth surface 
and fissure caries on both diets Smooth surface canes was greater on the sucrose 
diet. 
Strains of Actinomyces viscosus (serotype 1) have been isolated in the 
course of screening bacteria that accumulate in the dental plaque of rats 
kept on a high-glucose diet [VAN DER HOEVEN, 1974]. One of the isolates, 
strain Nyl, has subsequently been tested on its plaque-forming ability and 
potential canogemcity in mono-associated rats. The effect of glucose or 
sucrose as main carbohydrate constituents of the diet has been compared. 
In another experiment, the implantation of strain Nyl has been studied in 
specific pathogen-free (SPF) rats. It was shown by KRASSE [1966] that 
the establishment and prevalence of a Strep mutans strain in hamsters 
was governed by the presence of sucrose in the diet. The implantation of 
T h e technical assistance of Mr JAN LUKASSEN and Mr JAN KOEDAM is grate-
fully acknowledged 
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Strep, sanguis strains, however, failed under similar conditions [KRASSE 
and CARLSSON, 1970]. It was suggested that this might be ascribed to spe­
cies-specific factors but also to the influence of the resident microflora. In 
the present experiment, an attempt was made to investigate the role of the 
resident microflora by varying its composition with antibiotics. The ex­
periment included two periods, during the first of which a glucose diet 
was administered. The effect of sucrose on the occurrence of Nyl in 
plaque was investigated in the second period. 
Materials and Methods 
Microorganisms 
A viscosus was found to accumulate in dental plaque of Osborne-Mendel rais 
kept on a high-glucose diet A viscosus strain N y l has been isolated from one of 
the animals and this strain was tested in the present experiments Characteristics of 
the strain have been described [VAN DER HOEVEN, 1974] In liquid cultures contain­
ing glucose, strain Nyl synthesizes viscous polymer which can be isolated from the 
medium by solvent precipitation 
In the presence of sucrose, Nyl produces extracellular fiuctan Strain Nyl was 
found to be fairly resistent to streptomycin (1 mg/ml) and sensitive lo erythromycin 
(lOi/g/ml) when tested in broth cultures 
Inoculation 
The inoculum was prepared by growing strain N y l in actmomyces broth (BBL) 
24 h at 37 0 C The suspension was applied to each rat with a cotton stick 
Bacteriological Checks 
In both experiments, samples from the oral cavity of 2 rats from each treatment 
group were taken weekly with cotton sticks; plaque samples were taken with a den­
tal scaler after sacrificing the rats. All samples were homogenized in 5 ml transport 
medium [DE STOPPELAAR et al, 1969] and diluted in saline Suitable dilutions were 
plated on blood agar and incubated 72 h at 37 0 C in an atmosphere of ЭО о N 2 and 
10% C 0 2 In plaque samples from SPF rats, different colony types were distin­
guished under the dissecting microscope and Gram stains were made of each colony 
type. The number of N y l colonies in every sample was expressed as percentage of 
viable counts on blood agar. The SPF microflora contained only a limited number 
of species and, therefore, colonies of strain N y l on blood agar could be easily rec­
ognized in the samples 
Animals and Treatments 
A. viscosus strains N y l was tested in gnotobiotic and SPF Osborne-Mendel rats. 
Mono-associated rats Germ-free rats (10) from 4 litters weaned at 24 days were 
individually marked and distributed at random among 2 treatment groups. Each 
group consisted of 3 rats from 3 litters and 2 rats from a 4th litter. Both treatments 
Plaque Formation and Denial Canes 
Table I Composilion of dieb 540 G, 540 S, 2000 G and 2000 S 
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540 G 540 S 2000 G 2000 S 
% % % % 
Glucose 
Sucrose 
Skim milk powder 



























 Brewers yeast 'Enge\i 'a ' 
- VMamin protein mineral supplement Lederle 
1
 Ai-cording to Gustafsson's diet D7 [LUCKI-Ί 1963, ρ 494] 
were carried out in the same isolator with 2 cages per group, each cage containing 2 
or 3 rats The treatments consisted in the administration of a glucose diet (540 G) or 
a sucrose diet (540 S) (table I), for an experimental period of 30 days All animals 
were individually inoculated with A viscosus strain Nyl At the end of the experi­
mental period, the rats were weighed 
SPF rats In this experiment, 144 SPF rats, originating from 26 litters, were 
weaned at an age of 22-26 days, they were individually marked and distributed at 
random among 8 groups (table II) The rats were housed in stainless steel cages 
each containing 3 rats The resident SPF flora was suppressed with erythromycin 
laclobionate (Abbott) or streptomycin sulphate (Sigma) or both antibiotics The an­
tibiotics were supplied in the drinking water (2 g/1) for 6 days prior to inoculation 
The rats in groups 1-4 were inoculated with strain Nyl at days 7, 8 and 11 During 
the first experimental period of 29 days, the rats were fed diet 200 G nd Itbituni 
After this period, 48 rats, one rat from each cage (6 per treatment), were sacrificed 
Half of the remaining number of rats were changed to a sucrose diet 2000 S (b), the 
other half remained on the glucose diet (a) (table II) At the end of the second ex­
perimental period (25 days), all rats were sacrificed The animals were weighed after 
weaning and at the end of each experimental period 
Diets In both experiments, rats were fed ad libitum low fat and high carbohy­
drate diets (table I) The gnolobiotic rats were maintained on diet 540 G and 540 S 
These diets had been sterilized by ^-irridiation 2 5 Mrad The SPF rats were fed on 
diets 2000 G and 2000 S 
Evaluation of plaque and caries After sacrifice, the jaws were removed and 
fixed in 10% buffered formalin Plaque was stained with 0 P/o brilliant green (Flu-
ka) Plaque accumulation [KÖNIG, 1959], smooth surface canes [KEYES, 1958] and 
fissure lesions [KÖNIG, 1966] were scored using the same methods as in previous in-
vestigations [VAN DER HOEVEN et al, 1972] 
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Table H. Arrangement of treatments and groups1 
Treatment Groups 
I 
Erythromycin, 2 g/1 
Streptomycin, 2 g/1 
Strain Nyl 
Period 1 (29 days) 
Diet 2000 G 
Number of rats 
Period 2 (25 days) 
Diet 2000 G 
Number of rats 
Diet 2000 S 










(a) 18 18 18 18 18 18 18 18 
(b) 6 6 6 6 6 6 6 6 
(c) 6 6 6 6 6 6 6 6 
1
 Association of SPF rats with A. viscosus strain Nyl . Antibiotics were administered 
during a 6-day period before inoculation. After 29 days, one third of the animals, 6 out of 
each treatment, were sacrificed (treatments a). The remaining animals of each treatment 
were subdivided into 2 groups, one receiving diet 2000 G (treatments b) and the other diet 
2000 S (treatments c). 
Rendís 
Bacteriological Findings in Mono-Associated Rats 
In both dietary groups of rats, strain Nyl was present in the mouth as 
a monocontaminant during the whole experimental period. Strain Nyl oc-
curred only incidentally in the feces and was found to be virtually absent 
in the coecum at the end of the experiment. 
Bacteriological Findings in SPF Rats 
The establishment of Nyl was found to be influenced by the pre-ex-
perimental treatment of the animals with antibiotics. Nyl could be re-
covered in high numbers from non-treated (group 1) and streptomy-
cin-treated animals (group 2). The presence of Nyl in plaque could not 
be demonstrated when inoculated after application of erythromycin 
(groups 2, 4). The percentages of Nyl of total viable counts in plaque 
showed increasing variation and was found to decrease at the end of the 
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Table HI. Presence of Nyl in plaque expressed as mean percentage of total viable counts1 
First experimental period 
Second experimental period 
A.viscosttsNyl (percentagei 




 Plaque was sampled from 2 rats taken from each glucose (la, 2a, 




2000 S diet 
44 (22-65) 
lb, 2b) and sucrose 
Table IV. Plaque and canes scores, and final weights in two groups of 5 rats, mono-associa-
ted with A viscosm strain Nyl ' 
Diet 
glucose (540 G) sucrose (540 S) 
Plaque 2.0 ±0.7 2.0 ±1.0 
Fissure canes 
All lesions (A+ T) 2.0 + 2.3 1.8 ±1.3 
Dentinal lesions (T) 0.4±0.5 0.2±0.4 
Final weight, g 197.0(^ = 3) 196.2 (á =4) 
No smooth surface lesions were observed. 
1
 Averages of plaque accumulation in lower jaws and of fissure lesions in first and 
second molars of lower jaws. 
second period (table III). Virtually, no influence could be observed of the 
kind of dietary sugar on the relative amount of Nyl in plaque. 
Plaque Findings in Mono-Associated Rats 
Considerable plaque formation was induced by Nyl. Plaque was 
formed to the same extend in both dietary groups of rats (table IV). 
Plaque Findings in SPF Rats 
The results of the evaluation of plaque after the first (29 days) experi-
mental period are presented in table V and figure la. Thick plaque was 
only found in treatments 1 and 2 where Nyl could be established. Little 
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Fig.l. Extent of smooth surface plaque (P) in 8 groups of SPF Osborne-Mendel 
rats treated with antibiotics, inoculated with A. viscosus Nyl and fed on different 
diets, for varying experimental periods: a 29 days on glucose b 54 days on glucose. 
с 54 days on sucrose. 
plaque was found in the non-inoculated control animals and in the ani­
mals treated with erythromycin. Similar results were obtained at the end 
of the second period (table VI; fig. lb, c). Thick plaque was only ob­
served in groups 1 and 2. No difference was found between the glucose-
and sucrose-fed animals. A slightly increased plaque score was found in 
the erythromycin-treated glucose-fed animals (group 3). This was found 
to be due to a high score for 2 animals in this treatment. In these animals, 
Nyl was shown to occur in the plaque, although Nyl was not observed in 
oral samples taken during the experiment. 
Caries Findings in Mono-Associated Rats 
A low number of fissure lesions was found in both dietary groups of 
rats (table IV). No smooth surface lesions were observed at the end of the 
30-day experimental period. 
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Table У Plaque extent, smooth surface carious units, dentinal fissure lesions and weight 
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3 ± 2 4 














 Results of the first 29-day period. Diet 2000 G (glucose) Averages and standard 
deviations for 8 groups of 6 rats, ery = erythromycin; str = streptomycin; administra­
tion before inoculation during 6 days in drinking water. 
2
 Number of males in parentheses. 
Caries Findings in SPF Rats 
Smooth surface caries. Smooth surface caries scores at the end of the 
first experimental period (22 days after inoculation) are shown in table V 
and figure 3a. Virtually, no smooth surface caries was found, except a 
very low number of lesions in group 1. 
The distribution of smooth surface lesions after the second period (47 
days after inoculation) is presented in table VI and figure 3b, с The con­
trol groups showed very little smooth surface lesions. A high number of 
lesions were found in those rats in which Nyl could be established 
(groups 1, 2). The number of lesions in the sucrose groups was found to 
be significantly higher than in the respective glucose groups especially in 
the streptomycin-treated animals (fig. 3b, c). 
Fissure caries. Fissure lesions at the end of the first period are shown 
in table V and figure 2. A tendency towards higher caries activity due to 
the establishment of A. viscosus Nyl was found in group 1, but not in 
group 2 where Nyl was also established. The distribution of fissure le-
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 Experimental period 54 days ; diets 2000 G (g), 2000 S (s). Averages and standard deviations (n = 6 rats per group). Drugs were adminis­
trated before inoculation during 6 days in drinking water, ery = erythromycin; str = streptomycin. 
2
 Number of males in parentheses. 
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Fig. 2. Fissure caries incidence (T) in 8 groups of SPF Osborne-Mendel rats 
treated with antibiotics, inoculated with A. viscosus Nyl and fed on different diets, 
for varying experimental periods: a 29 days on glucose, b 54 days on glucose, с 54 
days on sucrose. 
sions on prolonging of the experiment is shown in table VI and figure 2b, 
с 
The number of dentinal fissure lesions was significantly increased by 
establishment of Nyl, except in the glucose-fed streptomycin-treated ani­
mals (fig. 2b). A significantly higher number of fissure lesions was found 
in the non-treated glucose-fed animals, than in the respective sucrose 
groups (compare groups 5 in fig. 2b, c). 
The number of lesions in the control groups was found to be only 
slightly increased by continuation of the experimental period from 22 to 
47 days (groups 5, 6, 7, 8 in fig. 2a-c). 
Growth of the Animals 
Growth of the animals was normal in both experiments on all treat­
ments, as judged from terminal average weights (tables IV-VI). 
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Fig. 3. Smooth surface caries incidence (E) in 8 groups of SPF Osborne-Mendel 
rats treated with antibiotics, inoculated with A. viscosus Nyl and fed on different 
diets, for varying experimental periods, a 29 days on glucose, b 54 days on glucose. 
с 54 days on sucrose. 
Discussion 
Strain Nyl was found to be weakly cariogenic in mono-associated rats, 
and plaque was produced to the same extent on glucose and sucrose diets. 
Similar results were obtained by LLORY et al. [1971] who tested a human 
strain of A. viscosus in mono-associated rats on sucrose diet. In both in­
vestigations, there is a discrepancy between the high plaque score and the 
low caries scores. This might be due to the relatively low production of 
lactic acid by strain Nyl when abundant hexose substrate is available, but 
relatively little protein [VAN DER HOEVEN, 1973]. Such a situation is likely 
to occur in dental plaque [HOTZ et al., 1972; VAN HOUTE and SAXTON, 
1971]. 
The occurrence of smooth surface lesions in SPF-rats was found to be 
strictly correlated to the presence of strain Nyl in plaque. Virtually, no 
lesions had developed during an experimental period of 22 days after in-
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oculdtion Prolonging the experiment by 25 days resulted in considerably 
more lesions 
Therefore, the absence of smooth surface lesions in mono-associated 
rats could be due to the relatively short experimental period of 30 days 
In subsequent tests, however, it has been shown that prolongating the ex-
perimental period up to 42 days did not result in more smooth surface le-
sions 
A viscosus was found to produce extracellular fructan from sucrose 
[HOWELL and JORDAN, 1967] The observation that thick plaque was also 
formed by actinomyces in the absence of sucrose and levan synthesis, 
suggests that polymers other than levan are involved It might be that the 
extracellular polymer which is synthesized by Nyl in glucose broth [VAN 
DER HOEVEN, 1973] functions as matrix substance 
When Nyl was inoculated in animals harbouring an indigenous (SPF) 
microflora, it was found that pre-expenmental treatment with erythromy-
cin prevents the establishment of the strain This could be due to inhibi-
tion of Nyl by traces of the drug left in the oral cavity However, it was 
observed that blood or saliva taken from the animals 24 h after adminis-
tration of the drug did not show any inhibitory action on the growth of 
Nyl on agar media Furthermore, Nyl could be easily established in 
germ-free animals treated with erythromycin and inoculated according to 
a similar time schedule as the SPF rats The failure of strain Nyl to estab-
lish in erythromycin-treated rats may be caused by an increased resistency 
to colonization of the remaining flora This emphasizes the important role 
of the resident flora to establishment of orally introduced microorgan-
isms 
A significant increase in smooth surface caries incidence was observed 
when Nyl was successfully implanted (table VI, fig 3a-c) The 
increased canogenicity might be explained merely by the increase m 
plaque thickness induced by Nyl However, this cannot explain the sig-
nificant difference in canogenicity of the plaque in sucrose- and gluco-
se-fed animals (groups 2 in fig 3b, c) since plaque score and relative 
amount of Nyl were found to be similar in both groups (table III) There-
fore, it seems that sucrose influences the interaction of the SPF flora with 
Nyl, thereby increasing the canogenicity of the smooth surface plaque 
more than glucose 
Streptomycin could have eliminated those components of the flora 
which are responsible for the caries activity with glucose but not with suc-
rose This corroborates the results for fissure caries where it was also 
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found that the caries activity was decreased by streptomycin in the gluco-
se-fed animals but not in the sucrose-fed animals (groups 2 in fig. 2b, c). 
An attempt was made to compare the microbial composition of plaque 
formed on different treatments. A particular type of colony, resembling 
Strep, sanguis was found to occur exclusively when Nyl was simultane-
ously present in plaque. Many other relations may have been overlooked 
since discrimination of species based on colonial morphology and Gram 
stain has only limited validity. The significance for the canogenicity of 
the plaque of the relationship between Nyl and this particular type of 
Strep, sanguis will be further investigated in gnotobiotic rats di-associated 
with both strains. 
JORDAN and KEYES [1965] and JORDAN et al. [1972] observed that 
A. viscosus causes severe periodontal lesions, alveolar bone loss and root 
caries in hamsters and mono-associated rats. In the present experiment, 
soft tissue recession and pocket formation were observed in some gnoto-
biotic and SPF rats associated with Nyl. The less severe character of 
these lesions might be partly attributed to the relatively short experi-
mental period compared to the experiments cited. No further attempts 
were made to evaluate these observations. 
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Summary 
The three different types of microorganisms, that were tested in this 
study, originated from a child {Rothia sp. Ny21) or from beagle dogs (Neisse-
ria sp. Ny204 and Bactenonema sp. Ny205). 
Selection was based upon the ability of the microorganisms to produce 
extracellular polymer as judged by indian ink preparations. All three test 
strains were found to stimulate plaque formation in SPF-rats fed on a glucose 
diet. The histological findings in the rats suggested that each of the strains 
contributed to the initiation of penodontal disease. 
Introduction 
Glucose feeding of rats resulted in the accumulation of Actinomyces 
viscosus serotype 1 in dental plaque, furthermore, A viscosas stimulates 
plaque formation in glucose-fed animals possibly by virtue of its ability to 
synthesize extracellular slime (v.d. Hoeven 1974, v.d. Hoeven et al. 1974) 
Although A. viscosus may be an important organism forming slime from 
glucose, other bacterial species with similar characteristics may occur in 
plaque, and attempts were made to isolate such organisms from animal and 
human dental plaque. 
Two organisms Ny 204 and Ny 205 were isolated from plaque formed in 
rats which had been orally inoculated with plaque from beagle dogs that had 
severe clinical periodontitis. These rats were maintained on a glucose diet. The 
third strain (Ny 21) was isolated from samples of plaque from a child given a 
diet containing glucose in place of sucrose. This paper describes tests in rats 
which were aimed at determining the possible role of the isolated micro-
organisms in the development of periodontal disease. 
Methods 
Selection of microorganisms 
The 3 different strains tested in this study were isolated from a child 
(strain Ny 21) or originated from beagle dogs (strains Ny 204 and Ny 205). 
Selection was based upon the ability of the organisms to produce extracellular 
material as judged by indian ink preparations. Details concerning the isolation 
of these strains are described below. 
Strain Ny 21. A two year old boy (the son of J.S. v.d. H.) was fed on a 
diet without sucrose. Glucose however was given frequently in all kinds of 
foodstuffs which normally contain sucrose. The glucose regime was continued 
for about 5 months. At monthly intervals, plaque samples were removed from 
the buccal of the maxillary first deciduous molars. Plaque was homogenized 
and cultured on bloodagar and brain-heart infusion agar with 1% w/v glucose. 
A Gram positive encapsulated filamentous rod was regularly isolated from the 
plaque in high numbers during the glucose regimen, Ny 21 represents one 
strain of these organisms. 
Strains Ny 204 andNy 205. Sub- and supra gingival plaque was collected 
from 2 beagle dogs showing the clinical signs of severe periodontitis. The 
pooled plaque was immediately transferred into transport medium (de Stop-
pelaar et al. 1969) homogenized on a Vortex mixer and stored at 4°C, the 
storage period did not exceed 2 h. A test group of 24 young SPF Osbome-
Mendel rats were inoculated with the pooled homogenized plaque. A non 
inoculated control group of animals was included in the series. The rats were 
fed the glucose diet 516 G containing 16% glucose, 45% wheat flour (70% 
extraction) 32% skim milk and 7% brewers yeast. Sixty days after inoculation 
the animals were sacrified and samples of plaque were removed and cultured 
as above. Strains Ny 204 and Ny 205 were isolated from the inoculated rats, 
no similar organisms were present in the control group. The three isolated 
strains (Ny 21, Ny 204 and Ny 205) were kindly examined by G.H. Bowden 
(The London Hospital, Dental School). Ny 21 was identified as a member of 
the genus Rothia, Ny 204 a Neisseria sp. and Ny 205 a Bacterionema sp. 
Measurement of the activities of the isolates in vivo 
Strains Ny 21, Ny 204 and Ny 205 were tested regarding their effect on 
plaque formation and their ability to induce periodontal disease in SPF-
Osbome-Mendel rats. 
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Table I Summary of taxonomie entena tested on 3 different isolates 
Test or characteristic 
Ny 21 N y 2 0 4 Ny 205 
growth on bloodagar acrob 
anacrob 
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η t = not tested 
Examination of the strains was done by G Η Bowden 
(The London Hospital Dental School) 
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Animals and treatments 
At the age of 26 ± 2 days, 5 blocks of 8 httermates were formed, 
marked and distributed at random among 4 groups The rats were inoculated 
as follows 
group 1 strain Ny 21 
group 2 strain Ny 204 
group 3 strain Ny 205 
group 4 non-inoculated control 
All rats were fed on diet 516 G, diet and tap water were available ad 
libitum The animals were housed in stainless steel cages with wire mesh 
bottoms without bedding 
Inoculation 
The inocula consisted of 24 h cultures of the respective strains in actino-
myces broth (BBL) supplied with horse serum 20% (V/V) in 5 ml screw cap 
vials At 2 successive days the rats were individually inoculated by means of 
cotton sticks 
Evaluation of plaque, caries and gingival tissue reaction 
Ninety days after the first inoculation the animals were sacrificed and 
plaque samples were removed from the lower jaws, and cultured for the 
presence of the inoculated strains 
The accumulation of plaque in the upper jaws and the occurrence of 
smooth surface and fissure caries in the molars of the lower jaw were scored 
according to methods described by König (1959), Keyes (1958) and Koning 
(1966) respectively 
From each group 5 rats originating from the different litters were taken 
for histological evaluation 
After fixation and scoring of plaque accumulation, the upper jaws were 
split in a midsagittal plane and then decalcified in 20% formic acid and 5% 
sodium citrate The halves were embedded in paraffin and 7 μ sections were 
prepared sagitally or frontally 
Two parameters were choosen for assessment of the inflammatory re­
action of the gingiva area infiltrated by inflammatory cells and 'total size' 
(refer to fig 1) as an indication for edema and/or hyperplasia 
The amount of infiltrated tissue was scored in mesial sections of the 
buccal gingivae of the maxillary first right molars between the frontal and the 
central fissure (approx 20 sections of 7 μ) These sections were alternatively 
stained with either haematoxylin and eosin (HE) or with the van Gieson stain 
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From each rat 5 HE and 5 van Gieson stained sections were selected at 
random for evaluation. 
In the HE stained sections the total size of the gingiva and the area of 
the infiltrated tissue was measured (Fig. 1). In the sections stained according 
to van Gieson the total gingival size and the area of collagen-poor, cell-rich 
tissue was determined. The measurements were done with a planimeter on 
drawings made of projections of the sections enlarged approximately 300 
times. According to the magnified drawings the areas were given in cm2. In 
order to investigate the differences between the variables with regard to both 
staining methods and inoculations, analyses of variance were applied on the 
data derived from the HE- and van Gieson-stained sections of the 4 groups for 
the infiltrated gingival tissue and the total gingival area respectively. 
Fig. 1 HE-stained selection of buccal gingiva indicating how the measurements of 
total gingival area and infiltrated tissue were done. CEI = cemento junction. 
ICT = infiltrated connective tissue. Enlargement: 200 x. 
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Results 
Activities of the isolated strains in an animal experiment 
Bacteriological findings 
The presence of the inoculated strains at the end of the experiment 
could be demonstrated. There were no indications that cross contamination 
had occurred. 
Caries incidence 
The results of the evaluation for fissure caries are given in Table II. No 
significant differences were found in the average number of fissure lesions 
between the 4 groups. Smooth surface caries was not observed in any of the 
groups. 
Table II Averages ± standard deviations of plaque score and dentinal fissure lesions 
(N = 10 rats) and, area (cm ) of infiltrated gingival tissue and percentage of 
infiltrated gingival tissue (N = 5 rats) in 4 groups of SPF rats on diet 516 G. 
Group 1 Rothia sp. Ny 21, Group 2 Neisseria sp. Ny 204, Group 3: 






1.7 ± 0 62 



















10.2 ± 7 . 4 ' 22.5 ± 9 . 5 3 15.1 ± 7 . 6 3 2.9 ±4.9 
6 .5±3 .0 2 9 .6±4 .6 3 7 . 6 ± 3 . 5 3 1.6 ±2.8 
No smooth surface canes was observed. 
' P ^ O . O S 2 P t < 0 . 0 1 3 P t < 0 . 0 1 
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Plaque and gingival inflammation 
The result of the evaluation of plaque is given in Table II. Significantly 
more plaque was found in the groups inoculated with the test strains Ny 21, 
Ny 204 and Ny 205, than in the non-inoculated control group. 
The inflammatory response was evaluated on the buccal gingivae of the 
upper first molars. No assessment was done interdentally because here the 
effect of the experimental inflammatory agents was masked by hair impac­
tion. 
The average values for the amount of infiltrated tissue in HE-stained 
sections, expressed either in cm2 (in 300 times enlarged projections) or as 
percentage of the total gingival size are presented in Table II. 
As to infiltration of the gingiva both area and percentage of infiltrated 
tissue were found to be significantly larger in the inoculated groups than in 
the control group. 
Analysis of variance (Table III) showed that the area of infiltrated tissue 
in the HE-stained sections was not significantly different from the collagen-
poor cell-rich tissue in the van Gieson-stained sections. 
With respect to the total size of the gingivae no significant differences 
were found between the 4 inoculation groups or between the two staining 
methods (Table Ш). 
Table III Analyses of variance of area of infiltrated gingival tissue and of total gingival 
area encountered in 4 groups of 5 rats. DF = degrees of freedom; SS = sum 
of squares; MS =mean square. 








































The experiments desenbed are a continuation of a study to isolate 
encapsulated or slune-producing microorganisms from dental plaque and to 
assess their plaque-forming ability and pathogenic potential The change of 
the infant diet increased the relative proportion of Rothia in plaque due to 
replacement of sucrose by glucose The explanation may be a promoting 
effect of glucose on Rothia but in addition, ample supply of glucose may be 
inhibitory to other species thus increasing the effect on Rothia However, the 
lack of data on the occurrence of other species makes further conclusions 
impossible The constancy of the proportion of Rothia in plaque samples 
taken off during the glucose regime is similar to results of Bowden and Hardie 
(1973) who observed constant proportions in the course of time with respect 
to a number of different species in plaque removed from a localized area 
The Neisseria and Bactenonema species were isolated only from the 
group of rats inoculated with the plaque from beagle dogs Therefore it seems 
likely that Neisseria and Bactenonema originated from the microflora of the 
beagle dog 
The ability of Neisseria species to produce extracellular slime in the 
absence of sucrose was earlier reported by Parker and Creamer (1971) 
It is noted that in the present animal experiment the increased plaque 
formation in the moculated groups was not associated with an increase m 
cariogemcity That glucose was the dietary sugar underlines its potential sig-
nificance in the formation of dental plaque All three test strains, Ny 21, Ny 
204 and Ny 205 were selected on the basis of their ability to produce some 
kind of extracellular slime as revealed in wet-indian ink Up to date, no 
further investigation to the characteristics of the slime production or to the 
chemical nature of the slimes has been made 
That the production of these extracellular slimes is involved in the 
formation of plaque can only be speculated but seems difficult to demon-
strate 
The histological findings in SPF rats suggest that each of the 3 test 
strains contribute to the initiation of periodontal inflammation These results 
are in accordance with the conclusion of Socransky (1970) that the ability to 
form dental plaque appears to be a prerequisite of all the organisms which 
have been shown to induce experimental periodontal disease 
The relationship between accumulation of plaque and the initiation of 
periodontal disease was earlier established in clinical studies by Thedade et al, 
(1966) It is noteworthy that up to now it has not been possible to indicate 
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the etiologic role of plaque more precisely, neither with regard to the micro-
bial composition nor to the chemical nature of the etiologic agents released. 
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Introduction 
The gnotobiotic animal has been used in order to study the effect of a 
particular microbial interaction in plaque. (Mikx et al. 1972). It was found 
that the presence of Veillonella in plaque has a caries reducing effect, possibly 
due to the utilization of lactic acid, thus suggesting that the variation in the 
net production of acid was the critical parameter under these conditions. 
Since plaque forms a diffusion barrier, the thickness of the layer may be 
another important parameter that determines the cariogenicity of plaque. 
Based on this assumption it may be speculated that the introduction of a 
plaque-forming microorganism will lead to increased cariogenicity. This hypo-
thesis is supported by the previous observation that the establishment of the 
plaque-forming microorganism A. viscosas in SPF rats resulted in an increased 
cariogenicity while both A. viscosus alone and the SPF microflora were found 
to be a low cariogenic (v.d. Hoeven et al. 1974). 
The present experiments were aimed at testing the hypothesis outlined 
above, by associating A. viscosus with oral streptococci in gnotobiotic rats. It 
may be assumed that this experimental model is still too complex since many 
other interactions between the microorganisms may occur. The ecological 
significance of microbial antagonism was investigated in further detail. 
Methods 
Microorganisms 
The test organism A. viscosus strain Nyl (v.d. Hoeven 1974) was grown 
in actinomyces broth (BBL); Strep, mutans strain C67-1 (De Stoppelaar et al. 
1969) Strep, sanguis strain NylOl (Mikx et al. 1974) and Strep, mutans strain 
OMZ 176 (Guggenheim 1968) were grown in brain-heart infusion broth 
(Difco). The inocula (24-h cultures of the strains in 5-ml screw-cap vials) were 
applied with cotton swabs. If required the inocula of two strains were applied 
one after the other at the same occasion. 
Recovery of strains: The establishment of the microflora and the occur-
rence of infections was checked weekly, except stated otherwise, by mouth-
swabs and sampling of feces as described previously (Mikx et al. 1972). 
At the termination of the experiment, plaque was sampled from the 
1 
lower jaw molars with a suction device (Mikx et al. 1974). The microbial 
content of the cecum was tested in Gram-stained smears. 
Treatments 
A. Di-association with A. viscosus Nyl and Strep, sanguis NylOl 
Forty germ-free Osbome-Mendel rats originating from 8 litters were 
weaned at the age of 25 ± 2 days. The litters were distributed at random 
among 10 treatments, 5 of which belonged to the experiment described here. 
The animals were fed 7-irradiated diets 516 S (Mikx et al. 1972) or 516 G 
(modification of 516 S, in which sucrose was replaced by glucose). The treat-
ments were as follows: 
1. strain NylOl; diet 516 S. 
2. strain NylOl and strain Nyl; diet 516 S. 
3. strain Nyl; diet 516 S. 
4. strain Nyl; diet 516 G. 
5. strain NylOl and strain Nyl; diet 516 G. 
Treatments were carried out in separate isolators. The experimental period 
was 41 days. 
B. Di-association with A. viscosus Nyl and Strep, mutans C67-1 
In the first experiment it was tested whether the combination of strain 
Nyl and strain C67-1 could be established in germfree rats. Sixteen OM rats 
30 ± 2 days old originating from 4 litters were distributed over 2 treatment 
groups of 8 rats. The rats were inoculated as follows: treatment 1, strain 
C67-1 and treatment 2, strain C67-1 and strain Nyl. Each treatment was 
carried out in a separate isolator containing two cages with 4 rats. All rats 
were fed diet 540S (Mikx et al. 1972). Since the presence of Nyl in treatment 
2 could not be demonstrated on the 5th and 9th day after inoculation, the 
animals were reinoculated at day 22 by syringe with 0.1 ml of a suspension of 
Nyl containing IO11 cells/ml. In addition one rat, mono-associated with Nyl, 
was introduced into one of the two cages of treatment 2. The experimental 
period was 41 days. 
The second experiment was undertaken in order to study the effect of 
the inoculation sequence on the establishment of Nyl and C67-1. It was 
aimed to enhance the chance for the establishment of Ny 1 by inoculating this 
strain several days prior to the inoculation of C67-1. Twenty-eight OM rats 27 
± 2 days old originating from 5 different litters were distributed among 6 
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treatments. Each treatment was earned out in 2 cages. The effect of the 
inoculation sequence was studied in rats on a sucrose diet and a glucose diet 
as well. The arrangement of the treatments and the schedule of inoculations is 
shown in Table I. On 4 occasions samples were taken from one rat of each 
cage: mouthswabs were taken at days 3, 10 and 24 after the last inoculation 
and plaque was sampled at the end of the experiment thus giving a total of 8 
bacteriological samples from each treatment group of rats. Upper half jaws 
from two animals per treatment were processed for electron microscopy of 
the plaque. 
Table I Experiment 2 
The interaction of A. viscosus Nyl and Strep mutans С 67-1. 
Arrangement of treatments and schedule of inoculation 
Treatment no. 
Isolator 
No. of rats 
Diet 
Strains inoculated 
on day 1 
on day 2 
on day 3 

















































С. Di-association with A. viscosus Nyl and Strep, mutans OMZ 176 
As the establishment of A. viscosus Nyl in the presence of Strep, mu­
tans C67-1 encountered serious difficulties, the mteraction of strain Nyl with 
another strain of Strep, mutans, strain OMZ 176, was additionally tested in a 
small experiment. Ten young OM rats originating from 4 different litters were 
available and distributed over two treatments. Both treatments were carried 
out in the same isolator containing two cages with 5 rats each. All rats were 
inoculated with strains Nyl and OMZ 176 and fed diet 540 S or diet 540 F 
(wheat flour substituted for sucrose). One week after inoculation and at the 
end of the experiment plaque was collected from one sacrificed rat from each 
treatment. The experiment was terminated 38 days after inoculation. 
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Electron Microscopical Procedures 
The molars were separated and each was fixed in a formaldehyde-
glutaraldehyde fixative for 3 hours at room temperature followed by a second 
fixation in 1.33% OSO4 in 0.067 M S-collodine, pH 7.2 at 40C for 2 hours. 
The molars then were dehydrated, embedded in Epon, decalcified in a 
EDTA-glutaraldehyde mixture at pH 7.2; again fixed in OsO,», dehydrated 
and reembedded in Epon, according to Kalberer et al. (1971). Ultrathin sec-
tions were cut on a Reichert OmU2 ultramicrotome using glass knives. 
The sections were stained with uranylacetate and leadcitrate. In some 
cases polysaccharides were demonstrated using a thiosemicarbazide treatment 
according to Guggenheim and Schröder (1967). All preparations were ex-
amined in a Philips EM200. 
Evaluation of caries and plaque 
Smooth surface caries, plaque and fissure lesions were scored according 
to Keyes (1958), König (1959) and König (1966), respectively. 
Assay of bacteriocin-like activity 
It was observed that C67-1 inhibited the proliferation of Nyl in plaque. 
Therefore it was tested whether C67-1 exhibited antibacterial activity in vitro. 
Medium. The assays of inhibitory action were performed on a solid 
medium composed of brain-heart infusion 37 g/1; 0.2% soluble starch and 
1.5% agar. 
Direct spray method. 24 h. stab cultures in agar plates were covered by 
spraying a 24 h. culture of the indicator organism on the agar surface. The 
plate was then reincubated for 24 h. under anaerobic or aerobic conditions. 
Anaerobiosis was obtained using Brewer jars filled with 10% C02 and 90% 
N2 . 
Reverse side spray method. The test organism was inoculated as a shal-
low stab culture; the reverse side of the agar was used as culture surface for 
the indicator strain. 
Production on semi-solid media. The strains were grown on media con-
taining brain-heart infusion 37 g/1 and agar 0.4%. After 24 h. of incubation 
under aerobic or anaerobic conditions it was attempted to extract the activity 
by a 'freeze-thaw' technique (Litkenhous and Liu, 1967). The solution ob-
tained was tested on its inhibitory action in the following way: wells with a 
diameter of 4 mm were punched in the agar and filled with test solution; the 
indicator strain was subsequently sprayed. 
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pH measurement 
The pH surrounding the stab cultures was measured in the following 
way pieces of agar around stab cultures of each of the test strains were cut 
out and the pH of the supernatant fluid which was obtained after freeze-
thawing and subsequent centnfugation of the agar, was measured 
Assay of hydrogen peroxide 
Hydrogen peroxide was determined according to Hoogendoorn and 
Moorer (1974) A solution (2 5 ml) containing between 10"6 and 5 10"5% of 
H202 was pipetted into a cuvet A solution (0 5 ml) containing 1 mg horse 
radish peroxidase and 10 mg o-dianisidine HCl in 0 2 M phosphate buffer pH 
7 0 was added and mixed Absorbances were measured at 436 nm and the 
amount of H2O2 in the sample was determined by reference to a standard 
curve Strains were grown in closed vials m brain-heart infusion broth for 24 
h at 37° Since H 20 2 is broken down in brain-heart infusion broth the 
production of H 20 2 cannot be measured during growth The cells were 
centnfuged and washed m 0 85% saline and suspended in 0 1 M phosphate 
buffer pH 7 supplemented with 1% glucose to give a suspension with an 
absorbance of 0 5 at 550 nm H202 production was measured at 30-min 
intervals during incubation of the cells at 37° 
Results 
A Diassociation with A viscosus Ny 1 and Strep sanguis Ny 101 
The recovery of the strains and the results of the experimental di-
association on the development of plaque and canes are shown m Table II 
The presence of the inoculated strains could be demonstrated in all treat-
ments during the experimental penod The median percentage of strain Nyl 
was found to be higher on the glucose diet than on the sucrose diet On both 
diets the occurrence of strain Nyl was associated with a high plaque score 
Di-association with Strep sanguis and A viscosus resulted in a significantly 
lower number of fissure lesions compared to rats mono-associated with Strep 
sanguis (p t < 0 01, this comparison was only tested for rats on the sucrose 
diet) 
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Table II Exp. A. Di-association of Л. mcosusNyl and Strep murartsNylOl. 
Averages ± standard deviations of plaque score, caries scores (dentinal fis­
sure (T) lesions and smooth surface (E) lesions) and median percentages of 
inoculated strains in gnotobiotic rats associated with A. viscosas Ny 1 and 





Smooth surface lesions 
Fissure lesions 
















О.ІіОЗ 0.9±1.0 3.3±14 
n.s. ρ < 0 . 0 1 
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Median percentages in plaque 
A . viscosus Ny 1 
























range η s. = not significant 
В. Di-association with A. viscosus Nyl and Strep, mutans C67-1 
Recovery of strains m experiment 1. The presence of strain C67-1 could 
be demonstrated in both treatments during the whole experimental period 
Strain Nyl could not be demonstrated in the samples taken 5 days after 
inoculation and therefore the animals were inoculated again with a large 
quantity of cells applied by synnge. Five days later strain Nyl was found to 
occur in a single animal and in this animal the strain was still present at the 
end of the experiment. 
Strain Nyl also persisted in the newly introduced animal which was 
mono-inoculated with strain Nyl and subsequently contaminated with stram 
C67-1 by its cage mates. 
At no occasion strain Ny 1 was found in feces or cecum content 
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Recovery of strains in experiment 2. The presence of strain C67-1 could 
be demonstrated in all treatments. The recovery of strain Nyl in the 
respective treatments is given in Table III, which shows a distinct effect of the 
inoculation sequence in the glucose-fed animals. When strain Nyl was first 
inoculated, its presence was demonstrated in 7 of the total of 8 oral samples 
that were taken during the experimental period. When the inoculation se­
quence was reversed, strain Nyl could only be recovered once. No effect of 
the inoculation sequence was observed in the sucrose groups. Strain Nyl 
could not be detected in Gram-stained smears of the cecum content. 
ТаЫеІІІ Recovery of Д. viscosas Nyl from rats that were inoculated with Nyl and 
Strep, mutans С 67-1 m different sequences and fed a sucrose or a glucose 
diet. The number of positive samples from a total of 8 oral samples is given. 
Treatment 




Nyl; С 67-1 540S 1 
Nyl; С 67-1 540G 7 
С 67-1; Nyl 540S 1 
С 67-1, Nyl 540G 1 
Plaque and caries results 
The averages of plaque and caries scores in experiments 1 and 2 are 
summarized in Table IV. In none of the animals massive plaque accumulation 
was found and no smooth surface caries was scored. The presence of strain 
Nyl, as revealed by bacteriological methods, had no effect on the individual 
plaque score. 
The numbers of fissure lesions of various severity were not found to be 
influenced by the inoculation with Nyl. The cariogenicity of strain C67-1 was 
found to be reproducible (experiments 1 and 2). Strain C67-1 was not sig­
nificantly more cariogenic on the sucrose diet than on the glucose diet. 
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Table IV Exp. В. Di-association of A. viscosus Ny 1 and Strep, mutans C67-1. 
Aveiages of plaque score and dentinal fissure (T and B) lesions in rats 
inoculated on different sequences with A. viscosus Nyl and Strep, mutans 
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n.s. п.s. 
п.s. =not significant 
Electron microscopical findings 
The presence oí Strep, mutans C67-1 and A. viscosusNyl in plaque was 
checked electron microscopically. All findings refer to fissure plaque since 
smooth surface plaque was lost in most cases when the samples were re-
embedded. 
Mono-associated animals with C67-1. A striking difference was observed 
in the distribution of the bacterial cells between the glucose and the sucrose 
plaque. The sucrose plaque was built up of loosely packed cells most of which 
were apparently intact and the appearance of the plaque was similar all 
through the fissure (Figure 1). The cells in the glucose plaque were densely 
packed and areas with either large or small numbers of degenerating cells were 
seen alternating throughout the fissure and apparently without preferential 
sites. Fig. 2 shows plaque from an area near the enamel surface on the bottom 
of the fissure and Fig. 3 shows an area at the outside of the plaque. 
Di-associated animals. No electron microscopical evidence was obtained 
for the presence of strain Ny 1 in any of the treatment groups. 
In both the sucrose and the glucose groups (figs. 4 and 5) only strepto-
coccal cells could be identified with certainty; all deviating morphological 
types were also found to occur in the rats that were mono-associated with 
C67-1 and therefore represented different states of degeneration of the same 
microorganism (compare figures 3 and 4). 
С Di-association with A. viscosusNyl and Strep, mutans OMZ 176 
Strain Nyl was found to be quite well established in the presence of 
strain OMZ 176. Considerable plaque formation was found in both dietary 
groups of rats. 
Assay of antibacterial activity 
It was found that strain C67-1 produces inhibition zones in plate assays 
against strain Nyl. No inhibitory action of strains OMZ 176 or Ny 101 against 
strain Nyl was observed. It was noted that the inhibition zones produced by 
C67-1 varies in size in different tests. The inhibition zones observed were not 
due to acid production by the stab cultures, for the pH surrounding the stab 
cultures was about equal for all 3 the test strains: 6.4, 6.3 and 6.4 for strains 
C67-1, OMZ 176 and NylOl respectively, and these values are tolerated by 
strain Nyl. Attempts to isolate antibacterial activity produced by strain 
C67-1 failed. When strain C67-1 was cultured on a semi solid brain-heart 
infusion medium, no antibacterial activity of the supernatant-fluid which was 
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obtained after freeze-thawing and centrifugation of the medium, could be 
demonstrated. 
No activity could be demonstrated in broth cultures of C67-1. 
Production of hydrogen peroxide. All three strains of streptococci were 
found to produce hydrogen peroxide. A linear increase of the H202 concen-
tration was observed for at least 1 h. of incubation. The amount of H202 
produced per hour by cell suspensions of equal density of the test strains was 
2.8.10'5% 3.1.10"s% and 3.4.10's% H 2 0 2 for strains C67-1, OMZ 176 and 
NylOl respectively. 
Discussion 
According to the hypothesis tested in the present experiment, the inter-
action of the plaque-producing microorganism A. viscosus with oral strepto-
cocci was expected to result in highly cariogenic plaque. The interaction with 
Strep, sanguis NylOl resulted in the formation of large amounts of plaque 
harbouring both microorganisms, but contrary to the hypothesis the plaque 
was not significantly more cariogenic than the plaque formed by A. viscosus 
alone and the cariogenicity was even found to be reduced compared to the 
plaque built up by Strep, sanguis alone. These findings suggested that the 
caries-promoting effect of increased thickness was completely abolished by 
the decreased proportion oí Strep, sanguis in plaque. 
A powerful inhibitory effect of Strep, mutans C67-1 on A. viscosus was 
observed. It is noted that this inhibitory action was unique for Strep, mutans 
strain C67-1 and not for the species, as was demonstrated by the symbiosis of 
Nyl with Strep, mutans OMZ 176. This was in accordance with the findings 
reported by Holmberg and Hallander (1971) who did not observe antagonistic 
effects between Strep, mutans NCTC 10449 and strains of A. viscosus. 
Recently Holmberg and Hallander (1973) showed that the antibacterial effect 
of Strep, sanguis strains was due to the production of hydrogen peroxide. The 
findings that each of the 3 test strains used in the present experiment produce 
H J O J at an equal rate, makes it very unlikely that the antibacterial effect of 
C67-1 was due to H202 production. The failure to demonstrate the presence 
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of Nyl by bacteriological techniques, except in one group, might due to the 
fact that C67-1 inhibited the growth of Nyl on agar media. However, the 
bacteriological results are in accordance with the electron microscopical 
observation which failed to detect Nyl in the fissure plaque. 
In addition, no increased plaque formation was found in the animals 
inoculated with C67-1 and Nyl thus suggesting that Nyl was absent or at 
least metabolically inactive while in all previous tests the establishment of 
Nyl was associated with a high plaque score. 
That Nyl was recovered in considerable numbers from the glucose-fed 
animals where it was inoculated first, but could not be demonstrated in the 
electron micrographs might indicate that it originated in fact from other sites 
than the fissures. The alternative explanation, that Nyl was present in the 
fissures but could not be distinguished from C67-1 electron microscopically 
seems unlikely. However no definite answer can be given since electron 
micrographs of Nyl plaque are not yet available. 
The inhibitory substance produced by C67-1 was diffusable and the 
failure of the attempt to produce a cell-free preparation of the substance 
suggested that it was labile. The activity in vitro was directed against several 
other Gram-positive species and in addition it was found that C67-1 inhibited 
the establishment of Bacterionema matruchotii (strain ATCC 14266), but not 
of the Gram-negative species Veillonella alcalescens (strain OMZ 193) in the 
plaque of gnotobiotic rats (unpublished results). 
The production of bacteriocin-like substances was reported for various 
types of streptococci originating from dental plaque (Kelstrup and Gibbons, 
1969; Kelstrup et al. 1971) or the throat (Piatkowsky and Szropinska, 1971) 
and group A streptococci (Tagg et al. 1971). 
It was suggested that the present observation in gnotobiotic animals 
reflects the action of a bacteriocin or rather a streptococcin (Piatkowsky and 
Szropinska, 1971) from C67-1. 
In how far the findings from this model could be extrapolated to the 
microbiologically complex situation in dental plaque is hard to speculate. As 
suggested by Kelstrup and Gibbons (1969), it might well be that bacteriocins 
are rapidly inactivated when exposed to the various enzymes in dental plaque. 
Some evidence for the ecological significance of streptococcins in the micro-
biota of the respiratory tract was presented by the experiments of Sprunt and 
Redman (1969) and the findings of Piatkoswky and Szropinska (1971). 
Finally, it was demonstrated that the cariogenicity of Strep, mutans 
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C67-1 was very similar on glucose and sucrose diets. That the cariogenicity of 
polysaccharide producing streptococci in mono-associated rats is not neces­
sarily higher on sucrose than on glucose was previously suggested by the 
experiments of Rosen (1969). 
In our opinion polysaccharide synthesis is a caries promoting factor and 
the present results suggest that the absence of polysaccharide synthesis was 
compensated by the higher density of bacterial cells resulting in a higher 
metabolic activity in the glucose plaque. 
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Fig. 1 Section of fissure plaque in the deepest paît of a fissure. Cells of Strep. 
mutans embedded in polysaccharide. The rat was mono-associated with Strep. 
mutans C67-1 and fed sucrose diet 540 S. χ 12,000. 
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Fig. 2 Section of fissure plaque in the deepest part of a fissure showing densely 
packed streptococcal cells most of which looking intact. The rat was mono-







Fig. 3 Section of fissure plaque at the outside of the same fissure as in Fig. 2, 
showing cells of deviating morphology. The rat was mono-associated with 
Strep, mutans C67-1 and fed glucose diet 540 G. χ 12,000. 
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Fig. 4 Fissure plaque from a rat inoculated with Strep, mutans C67-1 and Д. VISCOSI« 
Nyl and fed glucose diet 540 G. Different morphological types can be ob­
served at various state of degeneration, χ 10,000. 
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Fig. S Fissure plaque from a rat inoculated with Strep, mutans, C67-1 and A. vis-
cosus Nyl and fed glucose diet 540 S. The section shows an area near the 
enamel were streptococcal cells embedded in polysaccharide are seen, while 
the absence of Nyl is suggested by the absence of deviating types. Poly­
saccharide staining χ 12,000. 
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Abstract. The present study deals with the production and properties of a levan-
sucrase from Actinomyces viscosus which was found to be an extracellular enzyme. 
In batch and continuous cultures enzyme activity was low at high external glucose 
concentration. This relationship may be indirect and result from secondary effects such 
as the production of inhibitory substances or proteolytic enzymes and in the case of 
batch cultures by retardation of the growth. 
Metal ions seem to be not essential for the activity of levansucrase from A. viscosus. 
Introduction 
The occurrence of levan in human dental plaque after intake of sucrose 
(Mc Dougall, 1964; Manly et al. 1966) has been ascribed to a few oral species: 
Streptococcus salivarius (Wood, 1964), Streptococcus mutans (Wood and 
Critchley, 1966) and Actinomyces viscosus (Llory and Frank, 1970). The 
presence of A. viscosus in human dental plaque was demonstrated by Snyder 
et al. (1967) and Gerencser and Slack (1969). Levan is considered to be an 
extracellular storage carbohydrate. It is degraded by plaque samples (Manly 
and Richardson, 1968) and various organisms present in the plaque exhibit 
levanase activity (Da Costa and Gibbons, 1968; vanHoute and Jansen, 1968; 
Mesner, 1970). These findings explain the virtual absence of levan in pooled 
dental plaque (Hotz et al. 1972). 
Levansucrase (0-2,6 fructan: D glucose 6-fructosyltransferase EC 
2.4.1.10) is produced by many bacteria and the enzymes from Aerobacter 
levanicum. Bacillus subtilus and Strep, mutans were subject to extensive 
studies (Ebert and Schenk, 1968, Rapoport, 1966; Carlsson, 1970) and found 
to be very similar. 
The present study deals with the production and properties of a levan­
sucrase from A. viscosus, which is an extracellular enzyme. 
Methods 
Microorganisms. The enzyme studied was produced by Actinomyces vis­
cosus strain Nyl. The strain has been isolated from dental plaque of rats and 
its characteristics have been described previously (v.d. Hoeven 1974). Л. vis-
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cosus stram Nyl was shown to induce gross plaque formation in rats, fed on 
sucrose or glucose diets 
Media and growth conditions 
A viscosas Nyl was grown continuously in the following medium 
Casern hydrolyzate (dialyzed) 2 g, (МН^ЗОд 1,3 g, glucose 10 g or 1 g, 
Inosital 2 mg, Folic acid 0 005 mg, Biotm 0 005 mg, p-Aminobenzoic acid 
0 01 mg, Thiamine HCl 0 5 mg, Riboflavine 0 5 mg, Pyridoxine 12 mg, Cai-
cium pantothenate 1 2 mg, Nicotinic acid 2 5 mg, L-Cysteine HCl 50 mg, 
MgSCU 7H 2 0 0 2 g, FeSCU 7H 2 0 10 mg, MnS04 10 mg, NaCl 10 mg, per 
liter 0 1 M-potassium phosphate buffer, pH 7 0 
The same medium was used for batch cultures containing various 
amounts of glucose The ingredients except casein hydrolyzate and phosphate 
buffer were sterilized in ten-fold concentration by filtration (0 7 μ membrane 
filter, Sartonus SM 16228) Casein hydrolyzate and phosphate buffer were 
sterlilized at 1210C, for 20 mm 
The effect of substrates other than glucose on the production of enzyme 
was tested in batch cultures containing 1% of the respective substrates, pep-
ton (Difco) 10 g/1, and yeast extract (Difco) 5 g/1 The media were sterilized 
at 121oCfor20min 
Continuous growth was performed at 370C in 250 ml working volume 
with stirring (600 rpm) under a constant flow of 95% N2 and 5% CO2 The 
pH of the culture was kept constant at 7 0 by the addition of 2N ΚΟΗ,ρΗ, 
temperature and KOH consumption were recorded Batch cultures in 250-ml 
vessels were incubated at 370C m a shaking water bath, or in a New Bruns­
wick G 24 incubator shaker in an atmosphere of 95% N2 and 5% C0 2 
Bacterial dry weight was determined as follows bacteria m 50 ml cul­
ture fluid were harvested by centnfugation, washed with 10 ml water and 
dried for 2 days at 110°С in pre-weighed containers 
Enzyme assay 
Levansucrase activity was estimated by measuring the release of reducing 
sugars or glucose in a standard reaction mixture at 37°C containing 0 125 M 
sucrose, 0 05 M sodium phosphate buffer or 0 025 M Tris HCl buffer, pH 6 8, 
and the enzyme The reaction started on the addition of enzyme was stopped 
by heating the incubation mixture in a boiling water bath for 10 mm or by 
the addition of an equal volume of 0 08 N NaOH The sugars were assayed 
immediately 
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One unit of enzyme activity was defined as the amount which liberates 1 
μπιοί of glucose per min. under the above conditions. If glucose was present 
in the culture it was removed by dialysis against cold phosphate buffer prior 
to the enzyme assay. 
Purification procedures 
The enzyme was isolated from a 12 1 culture of A. viscosus Nyl grown 
in dialyzed actinomyces broth (BBL) at constant pH 6.7 under 95% N2 and 
5%C02 for34hat37
0 C. 
The cells were removed by centrifugation (30 min; 10.000 g). The cul­
ture supernatant was dialyzed for 18 h against cold tap water in order to 
lower the ionic strength. To absorb the enzyme, 200 ml preswollen DEAE 
cellulose (Whatman DE 52) were added to 12 1 of the dialyzed supernatant 
and the suspension was stirred for 2 h at 40C. After sedimentation overnight 
the supernatant was removed and the slurry was washed 3 times with 0.025 M 
Tris HCl buffer, pH 8.0. The DEAE cellulose was then packed in a column 
and eluted with a gradient of 0 to 0.25 M sodium chloride in the same buffer. 
The pooled enzyme fractions were dialyzed against 2M urea with 1% 
(w/v)glycine. Iso-electric focusing (IEF) was performed in a 220 ml column 
(LKB Uniphor) with a density gradient of 0 to 50% (v/v) glycerol and a pH 
gradient provided by Ampholine (1% v/v) from 3-10 in 2M urea with 1% w/v 
glycine. The column was loaded with 85 mg protein. The enzyme was focused 
for 3 days. 
Ampholytes and other low molecular weight substances were removed 
by passage through a column packed with Sephadex G50 (Vesterberg, 1969). 
The purity of the enzyme preparation obtained was tested by Polyacryl­
amide gel electrophoresis. 
Electrophoresis was performed on 7% acrylamide gels in TrisHCl buffer 
pH 8.9 according to the method described by Maurer (1968) (gelsystem Nr. 
1)· 
Samples were run in triplicate; one column was stained with amido 
black, l%(w/v) in 7% (v/v) acetic acid to disclose protein. The second column 
was incubated in 125 mM sucrose and 0.025 M Tris.HCl, pH 6.8, for 16 h at 
370C to reveal polysaccharide formation in the gel and the third column was 
incubated for 15 min. in the same mixture. Enzymatic activity, i.e. release of 
reducing sugars in the gel was then demonstrated according to Gabriel and 
Shu Fong Wang (1969). 
The cells obtained from the 12-1 culture were washed once with 0.05 
potassium phosphate buffer, pH 6.8, and suspended in 250 ml of this buffer. 
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To release the enzyme from the cells, the cooled suspension was subjected 5 
times for 1 min. to ultrasonification with a Branson sonifier (130 W output). 
Analytical methods 
Glucose was determined with glucose oxidase-peroxidase (PGO, Sigma). 
Invertase activity in the PGO enzyme preparation was inhibited with AgNOs 
or Tris. The enzymes were then dissolved in ΙΟ"4 M AgNOs or 0.5 M Tris. 
HCl, pH 7.0, respectively. Alternatively glucose was determined with hexo-
kinase and glucose-6 phosphate dehydrogenase. 
Fructose was determined with the same method after conversion of 
fructose-6 phosphate with phosphoglucoisomerase. 
The reagents for these determinations were purchased from Boehringer 
and the assays were carried out according to the prescriptions of the manu­
facturer. 
Reducing sugars were determined by the method of Somogyi (1945). 
Ketohexose was determined according to Dische and Devi (1960). Carbo­
hydrate was determined with the phenol-sulfuric acid method (Dubois etal, 
1956). 
Polysaccharide. Two volumes of absolute ethanol were added to the 
culture supernatant fluid. The precipitated material was collected by centri-
fugation, dialyzed against distilled water and lyophilized. 
Analysis of polysaccharide. Samples (10 mg/ml) of the polysaccharide 
were hydrolyzed in 1% oxalic acid for 1 h at 100°C or in 2 N HCl for 4 h at 
100°C. Glucose and fructose were assayed in the hydrolyzates. 
The hydrolyzates were deionized with a mixed-bed resin (Amberlite 
MB3) in the carbonate form and concentrated in a vacuum rotating evapo­
rator at 40°. 
Separation of the products was performed on Whatman No. 3 MM paper 
in ethyl acetate-pyridine-water (10:4:3, by vol.) by descending chromato­
graphy. The papers were dipped in silver nitrate-sodium hydroxide (Trevelyan 
et al, 1950). Protein was determined according to Hartree's modification 
(1972) of the Lowry method. 
Levanase activity. The hydrolytic activity against the polysaccharide 
product was tested in an incubation mixture containing 0.025 M Tris-HCl, pH 
6.8, polysaccharide (5 mg/ml) and enzyme (0.5 U levansucrase per ml). The 
amount of fructose released was determined after 24 h of incubation. 
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Results 
Production of levamucrase in continuous cultures 
A. viscosus Nyl was cultivated continuously in casein hydrolyzate 
medium containing 0.1 or 1.0% of glucose. The data presented in Fig. 1 
indicate that the maximum growth rate in 0.1% glucose medium is close to 
0.2 h"1 and that glucose was the limiting substrate in this medium. The 
bacterial density and the levansucrase activity were found to be fairly con­
stant with increasing dilution rates up to 0.11 h"1. In a medium containing 1% 
glucose, this compound is the limiting substrate at dilution rates below 0.04 
h " (fig. 2). 
cell yield specific activity-















Fig. 1 Production of levansucrase by A. viscosus Nyl in continuous cultures in 
casein hydrolyzate medium containing 0.1%glucose. 
5 
cell yield specific activity 
(mg/ml) (u/mg) 
00Θ 010 
dilution r a t e 
Fig. 2 Production of levansucrase by A. viscosus Nyl in continuous cultures m 
casein hydrolyzate medium contaming l%glucose. 
The rise of the glucose level in the medium at higher dilution rates was 
accompanied with a decrease of the production of levansucrase. 
The bacterial density was found to decrease considerably at increasing 
dilution rates. 
Production of levansucrase in batch cultures. The levansucrase produc­
tion during growth in casein hydrolyzate medium containing 0.05% glucose is 
shown in fig. 3. Levansucrase is present in the culture during the logarithmic 
phase of growth but disappears almost completely when the culture reaches 
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the stationary phase. The levansucrase production per amount of cells (rela­
tive activity = U/ml. A 550 nm) was found to be constant during the logarith­
mic phase. The disappearance of enzymatic activity in the stationary growth 
phase is due to the production of an inhibitor or a proteolytic enzyme, since 
the activity disappears when a mixture of cultures in the logarithmic and the 
stationary phase is incubated for 30 min. at 370C. 
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Fig. 3 Production of levansucrase m batch culture in casein hydrolyzate medium 
containing 0.05% glucose. 
Similar results were obtained in media containing higher glucose concen­
trations. Fig. 4 shows the maximum activities and the optical densities 
reached in the stationary growth phase that were observed in cultures at 
various glucose concentrations. The highest activity was observed in a culture 
containing 1% glucose. The production of enzyme per amount of cells was 
constant in media containing 0.05% to 1% glucose but was substantially lower 
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Fig. 4 Maximal activity of levansucrase in batch cultures in casein hydrolyzate 
medium containing various glucose concentrations The cell density in the 
stationary phase of growth is also indicated. 
Effect of other substrates on levansucrase production. Table I shows the 
maximum levansucrase activity observed in cultures grown in pepton-yeast 
extract medium containing 1% of various substrates. The enzyme is produced 
also when glucose is replaced by sucrose, pyruvate, m-inositol or glutamate. 
Purification 
The procedure is given under Methods. A representative elution pattern 
of the enzyme from DEAE-cellulose is shown in fig. 5. The enzyme was 
eluted at low ionic strength. The pattern obtained on iso-electric focusing 
indicates a low iso-electric point of the enzyme since it was focused in the pH 
region below pH 4.0 (fig. 6). The whole purification procedure is summarized 
in Table II. The yield of enzyme was 18% and a 165-fold increase in the 
specific activity was obtained. A repetition of the iso-electric focusing proce­
dure in a shallower pH gradient did not improve the results (fig. 7). 
A small proportion (approximately 8%) of the enzyme activity of the 
culture was found to occur associated with cells. Prolonged sonification of the 
cells did not result in the release of more levansucrase activity. 
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Table l Maximal levansucrase activity in cultures of A viscosus grown in pepton-




























A 550 nm at maximal levansucrase activity of the culture 
A280nm activity ( U/ml) 
I- р о о І - ч 
levansucrase 
Fig 5 Elution pattern of levansucrase from DEAE-cellulose 
A2bOnm act ν ty (U/rr 
2 0 1 0 
r a d опь 1 Ί 5 m ) 
Fig. 6 Elution diagram after iso-electiic focusing of levansucrase obtained as the 
eluate from DEAE-cellulose 
А 2 6 0 г ч п a c T v l y ( U / m l ) 
Fig. 7 Elution diagram after repeated iso-electnc focusing of levansucrase obtained 
from the experiment described in Fig. 6. 
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Aquacide II (Calbiochem.) 
Polyacrylamide gel electrophoresis of the purified enzyme obtained 
according to the procedure summarized in Table II revealed the presence of 
several protein bands only one of which exhibited enzymatic activity Both 
techniques for demonstrating enzyme activity were sensitive, in that activity 
was detectable even when no protein staining band was observed 
Products of the levansucrase reaction The mam reaction products from 
sucrose were glucose, fructose and polysaccharide The ratio of the products 
determined in a 24 h standard incubation mixture was found to be glucose 
fructose polysaccharide = 1 0 38 0 65 The presence of these compounds 
together with sucrose was also obvious in paper chromatograms made with 
the reaction mixture Moreover a very faint spot with a mobility lower than 
sucrose and most likely an oligosaccharide, was observed when large quanti-
ties of the reaction mixture were applied The oxalic acid hydrolyzate of the 
polysaccharide revealed only one spot identical to fructose Hydrolysis in 2 N 
HCl resulted in complete loss of fructose and no glucose could be detected in 
the hydrolyzate These results indicate that the polysaccharide is a polymer of 
fructose Moreover an enzymatic assay of glucose in the hydrolyzate con-
firmed the absence of this compound The ketohexose content (Dische and 
Devi, 1960) of the polysaccharide was found to be equal to the carbohydrate 
content determined with phenol-sulfunc acid using fructose as a standard 
Kinetics of the reaction The release of glucose or reducing sugar was 
linear with the time up to 2 h of incubation On incubation of the poly-
saccharide with the enzyme, no fructose was found to be released which 
indicates the absence of levanase activity 
Specificity Sucrose and raffinose could serve as substrates for poly-
saccharide (fructan) synthesis, while glucose, fructose, maltose or lactose 
could not 
Effect of the temperature The enzyme exhibited maximal activity at 
450C, a rapid decline of the activity was observed at higher temperatures (fig 
8) The effect of storage of the enzyme for 15 mm at various temperatures is 
shown in fig 9 At 40C the concentrated enzyme (2 4 U/ml) could be stored 
for 3 months in 0 025 M Tris HCl, pH 6 8, without loss of activity 
Effect of pH and buffer The optimum pH was 6 8 and 50% activity was 
exhibited at pH 5 3 and 9 1, respectively (fig 10) 
At pH 6 8 the enzyme was found to be less (-10%) active in 0 05 M 
citrate buffer and more (+25%) active in 0 025 M Tris buffer than in 0 05 M 
phosphate buffer 
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8 Effect of the temperature on the activity of levansucrase. The activity was 
determined by measuring the release of reducing sugars in the standard mix­




temoerature ( eC) 
Effect of storage for 15 mm. at various temperatures on the activity of levan­
sucrase. The activity was determined by measuring the release of reducing 
sugars in the standard reaction mixture after incubation for 30 mm. at 37 С 
13 
activity ( U/ml) 
0.10-
0 05 
Fig 10 Effect of pH on the activity of levansucrase. The activity was determined by 
measuring the release of reducing sugars in the standard reaction mixture after 
incubation for 30 mm at 37 С 
Influence of various cations and EDTA. The effect of various cations 
tested at a concentration of 5.10"3 M is shown in Table III. Both Ca2+ and 
Mg2+ were found to activate the enzyme; this effect could be abolished by the 
addition of an equimolar amount of EDTA. The enzyme was slightly acti­
vated in the presence of 0.02 M EDTA. 
14 
Table III Effect of cations on the activity of levansucrase from A. viscosus. The 
enzyme (0.04 U/ml) was incubated in a mixture containing 0.125 M su­
crose, 0.05 M phosphate buffer pH 6.8 and various cations at a concentra­
tion of 5.10" M. The reducing sugars released were determined. 
Cation 
none 
Ca 2 + 
Mg 2 + 
Mn 2 + 
Cd 2 + 
C o 2 + 
Cu 2 + 
Hg 2 + 












Levansucrase transfers the fmctosyl residue from sucrose to the primary 
alcohol at the C-6 fructose present at the nonreducing end of a growing levan 
chain or present in sucrose, or in water. This can be described by the follow­
ing three parallel reactions (Ebert and Schenk, 1968). 
sucrose + (levan)
n
 » (levan) + glucose 
sucrose+ H2 О » fructose + glucose 
sucrose + sucrose » fructosylsucrose + glucose 
The enzyme is exocellular in Strep, mutans (Carlsson, 1970) and B. subtilis 
(Dedonder, 1966) and intracellular in A. levanicum (Ebert and Schenk, 
1968). 
In the present study the enzyme of A. viscosus was found to occur 
exocellularly. Krichevsky's (1969) failure to demonstrate levansucrase activity 
15 
m the supernatant of glucose-grown cells can be most bkely explained by 
proteolytic breakdown of the enzyme or by the production of an inhibitor in 
stationary cultures as suggested by the present findings The occurrence of 
proteolytic enzymes in A viscosas was recently demonstrated by Freedman 
et al (1973) 
The production of levansucrase by A viscosas was studied in continuous 
and batch cultures at various glucose concentrations In the medium con­
taining 1% glucose a steep decrease in the enzyme activity was observed at a 
dilution rate of approximately 0 04 This decrease is accompanied by a rise in 
the level of non-utilized glucose, this suggesting a relationship between the 
enzyme synthesis and the external glucose level However, this relationship 
may be indirect and result from secundary effects exerted by glucose, such as 
the production of inhibitory substances or proteolytic enzymes and in the 
case of batch cultures by retardation of the growth The results obtained in 
batch cultures are in favor of this view The reaction products of levansucrase 
from A viscosas were glucose, fructose and fructan Paper chromatography 
revealed that oligosaccharides were almost absent in the reaction mixtures No 
attempt has been made to characterize the fructan but the opalescent bluish 
solution of the polysaccharide suggested a considerably high molecular weight 
which is typical for bacterial fructans 
The effect of metal ions on the activity of levansucrase from vanous 
microorganisms is rather inconsistent While the enzyme from A viscosas was 
activated by Ca2+ and Mg2+, the enzyme (тот Strep mutans (Carlsson, 1970) 
was unaffected and the enzyme from Strep salivarías (Garszczynski and 
Edwards, 1973) was even inhibited by Ca2+ and Mg2+ 
EDTA on the other hand, had an inhibitory effect on both streptococcal 
levansucrase but not on the enzymes from В subtilis (Rapoport, 1965) and 
A viscosas Therefore, metal ions seem to be not essential for the activity of 
the last mentioned enzymes 
16 
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S T E L L I N G E N 
I 
De tandheelkundige verzorging in Nederland is een voorbeeld van ongelijke 
verdeling van een schaars goed. 
II 
De normen die worden gehanteerd bij het 13-jangenplan, dat bedoeld is om 
uitgebreide tandheelkundige hulp te verlenen aan bij het ziekenfonds aange-
sloten kinderen vanaf hun 13e jaar, sluiten het grootste deel van deze kinde-
ren uit. 
Staatscourant, 4 juli 1974 
III 
Er is geen reden om te veronderstellen dat glucose een geschikt vervangings-
middel voor suiker is bij de bestrijding van tandbederf en tandvleesontsteking. 
IV 
Bij het onderzoek naar een verband tussen caries en antilichamen tegen cario-
gene Streptokokken hebben Kennedy, Lehner en Berkenbildt ten onrechte 
geen rekening gehouden met kruisreakties van bakteriele antigenen. 
Kennedy et al Archs oral Biol. 13, 1275-1278 (1968) 
Lehnet et al. Archs oral Biol. 15, 481-490 (1970) 
Berkenbildt et al J Am. dent Ass 83,332-337(1971). 
V 
Bakterien in de tandplaque verkeren in een toestand van langzame groei en 
zijn daardoor gevoeliger voor remming door fluoride 
VI 
Het beheer van de Overasseltse en Hatertse vennen door Staatsbosbeheer heeft 
niet geleid tot bescherming van dit natuurgebied 
VII 
Veel bejaarde mensen bij wie een licht verminderde glucose tolerantie is vast-
gesteld, gebruiken nodeloos een suikervrij dieet 
VIII 
Een studie over Barbey d'Aurevilly had in het boek van Castex 'Le conte 
fantastique en France' niet mogen ontbreken 
J S van der Hoeven Nijmegen, 27 september 1974 


